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2.4.10 Inertial Lift Pumps

Inertial lift pumps function adequately for both purging and sampling of monitoring wells; however,
using these devices causes a surging action, which may cause increased turbidity, loss of volatiles,
aeration, and degassing of samples. You may use these pumps to collect representative non-sensitive
samples; however, do not use them to collect VOCs or gas-sensitive samples.

Operation and Materials

The inertial lift pump operates by either moving sample tubing up and down in a well or by
moving a rigid inner pump casing up and down (e.g., TIMCO® or Water Hand Pump,
Brainard•Kilman® Hand Pump). Both the sample tubing design and the rigid inner pump casing
design are equipped with a check valve at the bottom. Figure 18 illustrates both the sample
tubing inertial lift pump design and the inner/outer inertial lift pump casing design. An electric or
gasoline-powered motor can provide a continuous up and down motion for either design.
Manually operating inertial lift pumps can be quite difficult.

A rapid up and down motion moves water up these pumps by lift and inertia. A rapid upstroke
lifts the water in the tubing or casing. At the end of the upstroke, the water in the tubing or
casing continues to move slightly upward by inertia. On the downstroke, the check valve at the
bottom of the tubing or casing opens, which allows additional water to enter the device. This
cycle continues on each up and down movement until water moves up and out of the device.

Because operating these pumps requires that the sample tubing or casing be rapidly raised and
lowered, samples are often artificially high in turbidity. The rapid movement may also cause
some sample alteration through loss of volatiles and degassing; however, these devices should be
able to collect non-sensitive samples without significant sample alteration.

Materials used in the construction of inertial lift pumps rigid or flexible PVC, polyethylene, or
PTFE materials.

Advantages of Inertial Lift Devices

n Simple design and easy to operate.
n Fairly portable if used in shallow wells (e.g., < 20 feet to water).
n Relatively inexpensive.
n Models are available for small diameter wells.
n Capable of controlled flow rate.
n Can be constructed of relatively inert materials.
n Satisfactory for non-sensitive sample parameters.
n Direct, in-line filtration of samples is possible but may be difficult.
n Manual pumps are effective up to 100 feet (30 meters) and motor-driven pumps up to 200

feet (60 meters).
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Figure 18: Inertial lift pumps: a)

p in operation, upper
left (Courtesy of
Brainard KilmanTM);
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b) functional diagram,
upper right; c) single-
tube hand pump,
bottom.
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Limitations of Inertial Lift Devices

n Field decontamination may be difficult and time consuming.
n Manual designs are labor intensive.
n Silt and sand may cause leakage around the check valve.
n Their use may artificially increase sample turbidity.
n Check valve wears with heavy use.
n External motor and power source are not very portable.
n Ineffective in purging large volumes of water.
n Limited lift capabilities make these devices ineffective for deep wells.
n Not very portable if used in deep wells (e.g., > 20 feet to water).

2.4.11 Gas-lift or Air-lift Pumps

These pumps operate by bubbling air or gas (e.g., nitrogen) through the water inside them. The rising
of the air or gas lifts the water to the surface. While these pumps are not recommended for collecting
groundwater samples – especially gas-sensitive and volatile samples – you can use them for purging.
Figure 19 illustrates some common gas-lift and air-lift pump designs.

2.5 PURGING AND SAMPLING PROCEDURES

Groundwater professionals, when initiating a groundwater monitoring program, set out to obtain
measurements and samples representative of unaltered groundwater conditions. Several factors,
especially purging and sampling procedures and equipment, can degrade the physical and chemical
characteristics of the measurements and samples. Always try to collect the best measurements and
groundwater samples possible.

The laboratory analytical method and limit of detection established for a contaminant should indicate
the level of care needed in sampling. For example, if contaminants are present near the analytical
detection limit or the regulatory limit, pay particular attention to adopt sampling procedures that avoid
contaminating the sample or losing the contaminant.

Important note: Collect groundwater data from all project wells using the same
sampling and purging procedures and equipment throughout the project's life. This
should generate groundwater data that is complete, with few, if any, "outliers;" is
representative, reflecting conditions in the groundwater; and is comparable to other
data sets. Comparability of data collected from a project's wells is important when
performing trend analysis. Dedicated (left in the well) low-flow sampling systems
typically produce groundwater data that are complete, representative, comparable
and of high quality. Summers et al., (1987) provides a good discussion on the
accuracy, bias, precision, representativeness, completeness and comparability of
groundwater data collected from monitoring wells.
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Figure 19: Gas-lift or air-lift pumps: a) annulus type, left (Gillham et al., 1983); and b) riser type, right
(Gillham et al., 1983).
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If the method or equipment used to purge and sample a well changes during a project's life,
consider this change in protocol when comparing the well's laboratory analytical data and
evaluating data trends.

2.5.1Objectives and Considerations

Proper Well Construction, Development and Maintenance

Wells must be designed, constructed and developed according to procedures established in ch. NR 141
Wis. Adm. Code. These three factors can greatly influence the quality and representativeness of
groundwater samples. Pay special attention to s. NR 141.15, which discusses drilling methods and
drilling fluids that may be used in well construction. In addition, Driscoll (1986) provides a
comprehensive discussion of well hydraulics, drilling methods, drilling fluids, well screens and sizing,
and well development. Excessive disturbance of the formation during well construction can create
artificial low-flow zones surrounding a well and may make proper development of a well very difficult,
if not impossible.

Proper well development is important to ensure that a good hydraulic connection exists between the
well and the surrounding groundwater system. Proper well development is also essential to avoid or
minimize turbidity in groundwater samples and is essential for collecting representative, high quality
samples. Proper well development removes artifacts created during the drilling process such as
disturbed fines near the borehole and silts and clays that have been "smeared" along the walls of the
borehole. Unless these disturbed and smeared fines are removed by proper well development, the
hydraulic connection between the well and the surrounding groundwater system will likely be poor.

Materials used to construct a well, including the filter pack seal, well screen and well casing, should be
made of clean, non-reactive materials. Improperly constructed wells may cause a biofilm (excessive
growth of microorganisms) to develop around a well. A biofilm can clog the surrounding area, thus
creating "dead zones" around the well. Biofilms can degrade sample quality. If a well's casing joints
leak or if its annular space seal allows leakage around the casing, the well may act as a conduit for
contamination or groundwater movement between naturally-separated aquifers.

Special Note for Newly Constructed and Developed Wells

Before purging and sampling a newly constructed and developed well, wait at least one week to
allow the well to equilibrate with groundwater chemistry. Wells constructed in low-permeability
silt and clay formations may require a month or more for proper equilibration. Palmer (1987),
provides insight on allowing a well's filter pack to come into equilibrium with groundwater
chemistry.

Inspect and maintain wells routinely as part of a site's sampling plan. Structural damage, siltation and
biofouling (iron bacteria clogging a well) can significantly interfere in collecting representative
groundwater samples. Total well depth, casing straightness and relative water recovery rates are good
indicators of well condition and should be logged in field notes. If total well depth decreases with time,
silt or sand may be settling out in the bottom. Reducing well recovery rates over time may
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indicate biofouling of a well's filter pack. Well repair, redevelopment, or rehabilitation will typically
rectify these problems; however, well replacement may be necessary if routine maintenance has not
been done.

Reasons for Purging a Well

The primary objective of purging a well is to remove any stagnant water residing in the well screen and
casing before collecting any samples. Always purge a well before sampling because standing water
likely does not represent true groundwater chemistry. Appendix A includes a detailed literature review
and evaluation of the three most common well purging techniques: 1) purging a specified number of
well volumes; 2) low-flow pumping and monitoring indicator parameters for stability; and 3) well
purging volume based on well hydraulics and aquifer transmissivity. Appendix A also includes a list of
articles and publications and a brief description of the well purging and sampling equipment and
procedures discussed in the article or publication.

Water in the well may have interacted with the air column in the well. This interaction can change the
dissolved gas content (e.g., DO and CO2) of well water. Air interacting with the water can cause
oxidation (e.g., precipitation of iron and manganese and co-precipitation of arsenic with iron
hydroxide) of some metals (Summers and Gherini, 1987). The stagnant water in the unscreened portion
of a well (i.e., well casing) will not reflect the changes in the type and concentrations of contaminants
that have flowed through the aquifer and well screen.

Potential interactions of the stagnant water with the well casing include: sorption of trace contaminants
onto the casing; leaching of chemicals out of the well casing; and corrosion and degradation of the
casing. The degree to which these reactions may occur will depend on the chemical environment in the
well casing and the casing materials used. Foreign material may have entered the well and reacted with
the stagnant water. Purging the well will either remove the foreign material that fell into the well or
remove the stagnant water that has reacted with the foreign material in the well.

Collecting Representative Samples and Maintaining Sample Integrity

The primary objective of sampling is to collect an unaltered groundwater sample that represents the
physical and chemical composition of the groundwater. Because groundwater is almost always under
different temperature, pressure, dissolved gas content and oxidation-reduction (redox) state than
conditions above ground, precautions must be taken to ensure that samples undergo minimal alteration
during the sample withdrawal and collection process.

Some contaminants and parameters that may be altered or lost during the sampling or measurement
process include the following: pH, Eh, dissolved oxygen, inorganic carbon, alkalinity, total organic
carbon (TOC), VOCs, ammonium, nitrate/nitrite, sulfide, cyanide, molybdenum, mercury, selenium,
dissolved iron, manganese, zinc, cadmium, lead, vanadium, arsenic and phosphate (Stolzenburg and
Nichols, 1985).

Volatilization of contaminants is a primary concern during VOC sampling. Oxidation and
precipitation/coprecipitation reactions are of primary concern when collecting dissolved metal samples.

Sampling equipment must not react with any contaminants you are collecting. Operate your equipment
to cause the least disturbance to the samples. Equipment must deliver samples to the surface with
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minimal agitation and aeration. Refer also to Sections 2.4, 2.5.2 and 2.5.3.

Once you collect your samples, it is imperative to maintain their physical and chemical composition
and quality until they can be measured or analyzed. Refer also to Sections 2.6, 2.7, 2.8, 2.9 and 2.10.

2.5.2Wells that do NOT Purge Dry

This section applies to wells that take less than ~ 1 hour for the water level in the well to recover
(or nearly so) after they have been purged.

The following recommended procedures can assist you when you are considering which purging and
sampling techniques are best suited for a project. While flexibility and site-specific modifications to the
suggested purging techniques are allowed, make any modifications based on contaminants encountered,
hydrogeology, regulatory objectives and the level of data quality required.

The following purging and sampling procedures are recommended for wells that do not purge dry. The
first procedure listed consistently yields the highest level of data quality. The last procedure listed
may yield a lower level of data quality:

1) Low-flow purging < 1 L/min (0.26 gpm), low-flow sampling < 300 ml/min (0.3 L/min or 0.1
gpm) and the monitoring of indicator parameters for stability in a closed flow-through
cell. To obtain the highest-quality, most representative, and consistent groundwater quality
measurements and analytical data, purge the well at an average rate of 1 liter/minute (L/min) or
less, sample at an average rate of 300 ml/min (0.3 L/min) or less and monitor indicator
parameters in a closed flow-through cell until their stability is reached. This procedure can
usually be enhanced by using a dedicated pumping system (left in the well "permanently").

Purging and sampling rates should be at or less than the natural flow conditions existing in the
aquifer influenced by the well. Drawdown during purging should be minimal and the water level
in the well should stabilize before the flow rate is decreased to 300 ml/min or less to commence
sampling. While maintaining a sampling flow rate of 300 ml/min or less, the water level should
be stable or preferably recovering as samples are collected (this ensures that any remaining
stagnant water above the pump is not incorporated into the water collected for samples).
Information collected on the well hydraulics, aquifer transmissivity and observed drawdown and
recovery rates for the well can assist in determining appropriate purging and sampling flow rates.

Do not reduce a pump's flow rate by using valves. The resulting pressure drop across the valve
(also known as an "orifice effect") can alter sensitive samples, usually by degassing.
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Purge the well until at least three consecutive readings, spaced ~ 2 minutes or ~ 0.5 well volumes
or more apart, are within the following indicator parameter ranges:

Dissolved Oxygen ± 0.2 mg/L
Specific Conductance ± 5.0 µmhos/cm for values < 1000 µmhos/cm

± 10.0 µmhos/cm for values > 1000 µmhos/cm
pH ± 0.1 pH units
Temperature ± 0.1 oC
Turbidity < 5 NTUs (Required if metals samples will not be

filtered. Recommended if sorptive compounds or
elements are collected. Optional, but recommended if
other compounds or elements are collected)

Eh (optional) ± 30 mv

Stable dissolved oxygen, specific conductance and turbidity readings are considered the most
reliable parameters for indicating that stagnant water has been replaced by formation water. You
may adjust the ± ranges and indicator parameters used to indicate replacement to reflect site-
specific data, geochemistry, and hydrogeologic conditions.

Turbidity stabilization and NTU readings below 5 are required if metals samples will not be
filtered. Low turbidity readings (i.e., < 5 NTUs), when measured using low-flowing pumping
techniques, should represent colloids and particulates naturally mobile in groundwater under
natural flow conditions. Turbidity stabilization should also be monitored when collecting
sorptive, hydrophobic, or high octanol-water partition coefficient (Kow) compounds or elements.

Or:  Purge the well until the readings for each indicator parameter listed above vary within ± 10
percent, over three or more consecutive readings spaced ~2 minutes or ~ 0.5 well volumes or
more apart.

Collect samples from the pump's discharge line before the water enters the flow-through cell. Air
pockets in the flow-through cell and probes inserted into the flow-through cell can degrade
sample water quality. Either disconnect the sample tubing from the flow-through cell before
collecting samples or connect a "tee" junction with an on/off sampling valve between the well
and the flow-through cell to collect samples. Figure 20 illustrates a "tee" valve outfitted with a
direct, in-line disposable filter.

Low-flow purging/sampling may not be necessary or may be impractical under the
following circumstances:

n Well purges dry before indicator parameters stabilize.
n Parameters are not affected by aeration, agitation, or the gain or loss of dissolved

gasses (and subsequent change in sample pH, etc., ).
n Data quality objectives for a project do not require the level or rigor and stringency

inherent in low-flow purging/sampling.
n An alternative purging and sampling technique has been proven to meet the data

quality objectives for the project.
n Procedures are extremely burdensome and time consuming.
n Equipment is too cumbersome to be transported to distant wells.
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Figure 20: Closed flow-through cell outfitted with a direct, in-line filter.
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n Weather conditions cause portable equipment to freeze up.
n The required equipment is excessively expensive.
n A bailer is the only device available to purge and sample a well.

2) Purging FOUR well volumes and then sampling with a standard pump. You may use this
method with a purging and sampling pump not capable of achieving low-flow rates, when
equipment is not available to monitor indicator parameters for stability, or when you are
sampling non-sensitive parameters. As with the low-flow purging and sampling technique, the
purging and sampling rate should still be kept low and should not exceed the natural flow
conditions of the aquifer, if possible. The sampling flow rate should be less than the purging
flow rate.

3) Purging FOUR well volumes with a standard pump and sampling with a bailer or similar
grab sampler. Conduct purging and sampling with the same equipment when possible;
however, in cases where large volumes of water must be purged from a well or the depth to water
is deep, a pump may be appropriate. This method may be appropriate when low-flow pumping
equipment is not available but sensitive samples will be collected.
Under this scenario, you purge four well volumes and then collect samples with a bailer or
similar grab sampler. As you are purging the well, slowly lower the pump so that, after four well
volumes are purged, the pump's inlet is near the bottom of the well (within ~ 1 foot). When using
this method, it is essential to lower the pump while purging, thus removing stagnant water before
collecting samples with the grab sampler. If you are collecting sensitive samples (e.g., VOCs or
trace metals), keep the purging rate as low as possible. In addition, lower and raise the bailer or
similar device out of the water column slowly and carefully; and use a bottom-emptying device to
dispense samples.

4) Purging FOUR well volumes with a bailer and sampling with a bailer or other grab
sampler. The quality of samples collected with a bailer highly depends on the skill and care of
the operator using it. Take great care when lowering a bailer in and out of the water column.
Carefully lift the bailer up and out of the well without allowing it to bang against the casing and
use a bottom emptying device to dispense samples.

2.5.3Wells that Purge Dry

This section applies to wells that take ~ 1 or more hours to recover (or nearly so) after they have
been purged dry (or nearly so).

Ideally, sample and purge wells at flow rates at or less than the natural flow conditions in the aquifer
influenced by the well. Drawdown and turbidity during purging and sampling should be minimal;
however, for wells that recover slowly, attaining little drawdown and low turbidity may be nearly
impossible. Slowly-recovering wells should still be purged and sampled with minimal disturbance to
the water and fines in and around the well and to obtain samples with the lowest turbidity and
oxygenation possible.
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For slowly-recovering wells that purge dry, bail or pump the well dry, or nearly so, and allow it to
recover at least once before collecting samples. If time permits, purge the well a second time. If
recovery permits, collect samples from the well within 24 hours of the final purging.

If you are collecting sensitive samples such as VOCs and trace metals, the following procedure should
yield samples with the highest data quality. Purge the well dry, or nearly so, using a very low purging
rate (< 300 ml/min or 0.1 gpm). Allow the well to recover, or nearly so, at least once before collecting
samples. If time permits, purge the well a second time and collect samples within 24 hours. Low-flow
pumping should minimize the disturbance of fines in and around the well during purging and sampling
and should therefore minimize sample turbidity. If you use a bailer to purge and sample, take extra care
to purge and sample very slowly and gently.

Case study

Hergoz et al., (1988) conducted a study to determine the best time to sample a well for VOCs
after it has been purged dry. There were two main conclusions: 1) VOC concentrations were
significantly lower before purging than after, and 2) VOC concentrations were not significantly
different when collected two, four, six and 24 hours after purging; however, the highest VOC
concentrations were collected at four and six hours after purging.

2.6 SAMPLE COLLECTION

2.6.1Objectives and Considerations

During sampling, primary objectives and considerations include minimizing sample disturbance,
avoiding sample exposure to air and extraneous contamination, and preserving sample integrity
throughout collection.

2.6.2Filling Sample Containers

Although the procedures used to fill sample containers may seem a minor consideration, filling them
improperly can jeopardize all the careful work that went into collecting minimally-disturbed,
representative samples. Filling sample containers exposes the samples to air, agitates the samples, may
change their composition, may cause the loss of contaminants by volatilization or degassing, and may
expose the samples to extraneous contamination.

Order of Filling Sample Containers

Collect sample parameters in the following order:

1. Unfiltered samples for in-field water quality measurements (not necessary if down well or flow-
through cell measurements are taken).

2. Volatile organic compounds (VOCs).
3. Non-filtered, non-preserved (e.g., sulfate, chromium VI, mercury, semi- and non-volatiles,
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pesticides, PCBs).
4. Non-filtered, preserved (e.g., nitrogen series [ammonia, nitrates, nitrites, etc.], phenolics, total

phosphorous, total metals, cyanide, total organic carbon).
5. Filtered, non-preserved (e.g., dissolved chromium VI).
6. Filtered, preserved immediately (e.g., dissolved metals).
7. Miscellaneous parameters.

Collect sulfate samples before sulfuric acid preserved samples (e.g., nitrogen series). Collect nitrogen
series samples before nitric acid preserved samples (e.g., boron, dissolved metals). This will prevent
accidental contamination of a sample with a preservative intended for another sample (e.g., sulfuric
acid preservation contaminating an unpreserved sulfate sample).

Procedures for Filling Sample Containers

There are correct and incorrect ways to fill sample containers. The more sensitive the parameter being
collected (e.g., VOCs and redox-sensitive metals), the more cautious and rigorous the filling
procedures should be.

Before opening and filling sample containers, check the sampling area for potential sources of
extraneous contamination. Make sure the area around the well is clean and that contaminated
equipment is kept away from the well. Protect the samples from airborne contaminants such as engine
exhaust, blowing dust and organic fumes (e.g., gas cans); sample upwind of these contaminants or
remove them before sampling. Choose gloves appropriate for the contaminants you encounter. Change
into new, clean gloves every time you sample a new well or suspect your gloves have become
contaminated. Do not attempt to decontaminate or reuse gloves; use disposables.

Do not open sample containers until it is time to fill them. Immediately after filling a sample container,
if you haven't already done so, add any required preservative – filter first, if required – replace the cap,
label the container and place the sample on ice in a cooler. Following these procedures will help
minimize sample turbulence, agitation, volatilization, degassing, atmospheric exposure,
biodegradation, exposure to extraneous contamination and heating of samples.

2.6.3Volatile Organic Compounds (VOCs)

As their name implies, volatile organic compounds (VOCs) may volatilize from a sample under normal
surface pressure and temperature conditions. Take care to ensure these compounds do not volatilize
during sampling. Appendix B includes a table of Henry's Law Constants for most compounds listed in
ch. NR 140, Wis. Adm. Code. Henry's Law Constants describe the likelihood that a dissolved organic
compound will volatilize from a water sample and is equal to the vapor pressure of the compound
divided by the compound's solubility in water. Just because a compound is very volatile in its pure form
does not mean it will readily volatilize after it is dissolved in water. For example, acetone (2-
propanone) has a high vapor pressure (270 mm Hg) and therefore, readily volatilizes to the air in its
pure form. However, acetone's water solubility is infinite so acetone favors the aqueous phase over the
vapor phase. Therefore, its Henry's Law Constant is relatively low (3.9 x
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10-5 atm-m3/mole) and acetone dissolved in water will not readily volatilize out of the water and into
the air.

Many VOCs listed in ch. NR 140 have very low groundwater standards. For example, vinyl chloride
and benzene have enforcement standards of 0.2 and 5 µg/L, respectively. Many VOCs are known or
suspected carcinogens. Because their consumption is a public health concern, take extra care to ensure
that VOCs are not lost by volatilization when you fill VOC containers, and that extraneous VOCs are
not accidentally added to a sample.

Because VOC samples are very susceptible to extraneous VOC contamination, before opening and
filling VOC containers, make sure there are no nearby extraneous airborne sources of VOCs such as
gas cans, exhaust fumes, solvents, cleaners, or degreasers upwind of the well. Try to sample upwind of
these extraneous sources, remove them, or ventilate the area around the well. Document suspected but
unavoidable extraneous VOC sources when collecting VOC samples. These sources could include
perfumes and cosmetics, skin pharmaceuticals, suntan lotions, marking pens (e.g., Sharpie®), insect
repellents, tobacco smoke and automotive products.

Filling VOC Containers

When practical, store empty VOC containers on ice until you use them. This will minimize the loss of
VOCs when you fill the sample containers. Open only one VOC container or one set of containers at a
time. This will minimize exposure of the VOC sample to extraneous VOC contamination. After you
open an empty container, add preservative. Acid preservative inhibits biodegradation of VOCs in a
sample.

When filling a VOC container, tip it at a slight angle and allow a slow steady stream of water to run
down its inner wall. This will minimize agitation, aeration and volatilization of the VOCs. Fill the
container until a positive meniscus forms at the top (see Figure 21). No air space (i.e., head space)
should remain in the container. If any airspace remains, VOCs in the sample can volatilize to this space
and may be lost before analysis.

After filling a VOC container and replacing the cap, invert the sample and tap it lightly to check for
bubbles. If bubbles are present, discard this sample and fill additional VOC containers. If bubbles are
unavoidable, collect numerous samples and save the ones with the fewest bubbles. Do not try to reopen
and add more water to samples that have bubbles.

Remember, one trip blank is required per sample batch (i.e., per cooler) when sampling for VOCs.

2.6.4Semi-volatiles and Pesticides

These organics are typically not very volatile; however, as with VOCs, they are often analyzed at very
low detection levels (e.g., µg/L or ppb) and are a threat to public health if consumed. Some substances
that fall under this category include base-neutral extractables (e.g., polynuclear aromatic hydrocarbons
[PAHs]), acid-neutral extractables (e.g., cresols, phenols), phthalate esters, PCBs, pesticides and
herbicides.
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Figure 21:   Positive meniscus formed on a VOC sample vial.
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As with VOCs and dissolved metals, semi- and non-volatile organics are susceptible to extraneous
background contamination and cross-contamination. These compounds are also susceptible to sorption
and desorption reactions with the purging and sampling equipment. Equipment should be made of
relatively inert material. Good decontamination procedures are necessary to avoid any cross-
contamination between wells. These samples are not usually preserved or filtered; however, you should
cool them to 4oC immediately after collection.

2.6.5Inorganics

Inorganic samples (e.g., dissolved metals) are typically quite susceptible to aeration, oxidation,
precipitation, coprecipitation, extraneous contamination and cross-contamination during sampling,
filtering and handling. Aeration of a sample, usually caused by excessive turbulence, can alter a
sample's water quality by saturating it with oxygen. If proper care is not taken, the equilibrium of
dissolved metals, which are usually in a reduced state in groundwater, can be shifted to a more oxidized
state. Precipitation of metal oxides can lead to the adsorption, co-precipitation, or both, of other
dissolved cations and anions, thereby causing a decrease in the concentrations of dissolved metals in a
sample.

Unless WDNR requires or approves otherwise, inorganic samples must be filtered and preserved
immediately after collection. WDNR's Wastewater permitting program requires total recoverable
metals results, which are not filtered, when evaluating potential impacts of a groundwater remediation
system discharging its effluent to a surface water. If sample filtering is required, refer to Section 2.8.

2.6.6Major and Minor Ions

WDNR typically requires monitoring of major and minor ions as indicators of groundwater quality at a
site or facility (e.g., solid waste landfill). Section NR 140.20, Table 3 lists indicator parameters that
WDNR may require a site or facility to monitor. Some parameters that represent overall groundwater
solution composition include total dissolved solids (e.g., chloride, sulfate, sodium and bicarbonate),
conductivity, pH, alkalinity, major cations (calcium [Ca2+], magnesium [Mg2+], potassium [K+] and
sodium [Na+]),and major anions (chloride [Cl-], nitrate [NO-

3] and sulfate [SO2-
4]).

Ions such as Na+, Mg2+, K+ and Cl-, are usually analyzed at high limits of detection, are relatively stable
and are not subject to the same degree of alteration during collection and handling as VOC and
dissolved metal samples. These ions are usually analyzed and regulated at milligrams per liter (mg/l) or
parts per million (ppm). Collection, handling and decontamination procedures for these ions can be less
stringent than that which is required for VOCs and dissolved metals.

Other ions such as manganese (Mn+), ferrous iron (Fe2+), carbonate (CO3
2-) and bicarbonate (HCO3

-),
although typically analyzed at the mg/l or ppm level, are unstable and subject to alteration, usually
from aeration and therefore require rigorous collection and handling procedures similar to those
required for VOCs. However, equipment decontamination procedures do not need to be as stringent as
is required when collecting VOC samples.
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When a groundwater sample is brought to the surface, dissolved Fe2+ and dissolved Mn+ in the sample
may react with oxygen and precipitate out of solution. In addition, CO32- and HCO3

- ratios may change
quickly after a sample is brought to the surface. This reaction may cause calcium carbonate to
precipitate out of solution, carbon dioxide to degas from solution and may cause a subsequent rise in
sample pH.

2.6.7Other Sample Parameters

Other parameters that may be altered due to aeration and degassing during sampling and handling
include pH, Eh, dissolved oxygen, inorganic carbon, alkalinity, TOC, VOCs, ammonium,
nitrate/nitrite, sulfide, cyanide, molybdenum, mercury, selenium and dissolved iron, manganese, zinc,
cadmium, lead, vanadium, arsenic and phosphate (Stolzenburg and Nichols, 1986). Chromium and
sulfide are also subject to alteration during sampling and handling.

For those who wish to monitor indicators of potential biodegradation that may be occurring in
groundwater at a site, vendors offer various colorimetric field kits for quantifying nitrate, sulfate,
ferrous iron, manganese and alkalinity. Follow the field test kit's manufacturer's instructions regarding
the proper procedures for taking such measurements.

For the collection, preservation and handling of parameters not discussed in this document, refer to
other published groundwater sampling procedures documents or articles. Gerba (1988) provides
guidance for collecting virus samples from groundwater.

2.7 FIELD WATER QUALITY MEASUREMENTS

2.7.1Technical Considerations

Several water quality parameters are subject to rapid alteration (caused by aeration, oxidation and the
loss or gain of dissolved gasses) when groundwater is removed from a well and exposed to oxygen and
atmospheric pressure. Water quality measurements that may be subject to rapid change include, but are
not limited to, specific conductance, pH, dissolved oxygen, Eh and alkalinity.

Take water quality measurements while purging, using a closed flow-through cell and parameter-
specific monitoring probes (Figure 20). Using a down-well measuring probe is also recommended;
however, well water must be flowing past the probe during measuring (i.e., the probe is near pump inlet
during purging or you lower and raise it in the water column as you measure). These two methods
minimize any contact between groundwater and atmospheric conditions (air and pressure), thus limiting
any alteration while you are measuring. If you cannot use either of these methods, take water quality
measurements immediately after collecting a sample. Otherwise, clearly document that you did not
take measurements immediately.
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Specific procedures you may use to collect and measure the following water quality parameters are
included in the Groundwater Sampling Field Manual, PUBL-DG-038 96, the most recent version of
Standard Methods for the Examination of Water and Wastewater and the manufacturer's instructions
for the equipment.

2.7.2Temperature

Temperature is an important measurement because it affects the rate of many biological and chemical
reaction rates. The temperature of groundwater in Wisconsin commonly remains fairly stable
throughout the year at approximately 13oC (55oF). However, shallow groundwater temperatures may
fluctuate with changes in seasonal temperatures and in response to precipitation. During spring,
summer and fall, shallow groundwater temperatures may elevate in response to a recent rain or surface
water (e.g., stream) flowing into the groundwater system in response to a flood crest. Deep
groundwater temperatures usually do not fluctuate much and are less susceptible to seasonal
temperature fluctuations and the effects of precipitation.

In-field Measurement of Temperature

Whenever possible, measure temperature during or immediately after purging a well. Temperature
should be read to the nearest 0.5oC (approx. 1oF); however, instruments having an accuracy of ± 0.1oC
(approx. ±0.2oF) are recommended for determining small differences in groundwater temperatures.
Temperature is commonly measured in the field by using one of the following three methods:

1) Lowering a temperature probe into the water column of a well. This is an in-situ
measurement. Take readings during or immediately purging. This method ensures that your
temperature values most closely represent actual groundwater temperature. Submerse the probe
in the water long enough for it to equilibrate with the groundwater temperature. A couple of
minutes usually suffices.

In many cases, other instruments' probes (e.g., conductivity, pH, dissolved oxygen) provide
temperature readings along with the primary parameter being measured. Probes that measure
temperature must have their accuracy periodically checked against a good mercury-filled
thermometer or a precision thermometer certified by the National Institute of Standards and
Technology.

2) Inserting a temperature probe into a closed flow-through cell. If you use low-flow purging
while monitoring indicators parameters, you can measure temperature as part of this process.

During low-flow purging on a very hot or cold day, the sample will artificially warm up or cool
down as it travels through the sampling tube and flow-through cell. After you collect samples,
increase the purging rate until the water temperature once again stabilizes. Record this new
stabilized reading as the actual groundwater temperature. You can usually minimize or avoid this
problem by using a short sample tube and shielding or insulating the flow-through cell from heat
and cold.



WDNR - Groundwater Sampling Desk Reference

78

3) Inserting a good thermometer into a sample. The thermometer should be marked for every
0.1oC (approx. ±0.2oF). Protect the thermometer from breakage during use and transport.

For this method to work effectively, measure the temperature from the sample soon after
collecting it (e.g., within five minutes) or while purging. If measuring temperature while purging,
allow the water to overflow from the sample container while measuring. Wait until you've
collected at least three stable readings to record the final temperature. If the water you are
sampling is hazardous, properly collect, contain and dispose of the overflow water.

2.7.3Specific Conductance (Electric conductance and conductivity)

Conductivity measures an aqueous solution's ability to conduct or carry an electric current. This
"ability" depends on the presence, total concentration, mobility and valence of charged ionic species
(e.g., Ca2+, Na+, Mg2+, HCO3

-, Cl-), and the solution's temperature. Most soluble inorganic compounds
are good conductors. Specific conductance is measured between two chemically inert probes spaced a
fixed distance apart.

Changes in a well's groundwater conductivity frequently indicate groundwater contamination (e.g.,
landfill monitoring). Conductivity measurements approximate total dissolved solids (TDS) in a sample.
The TDS of a sample can be approximated by multiplying the sample's conductivity (in µmhos/cm) by
an empirical factor ranging from 0.55 to 0.9. This factor depends upon the soluble substances in the
sample and its temperature (Standard Methods, 19th Ed., 1995).

Conductivity measurements are usually recorded as micromhos per centimeter (µmhos/cm). For
instruments providing readings in the International System of Units (SI):

1 mS/m (milisiemens/meter) = 10 µmhos/cm and, conversely,
1 µmhos/cm = 0.1 mS/m

In-field Conductivity Measurements

Before use, the conductivity instrument and probe must be calibrated against a standard potassium
chloride (KCL) solution. This can be done in the laboratory or in the field. Use the calibration
procedures described in the manufacturer's instructions for the instrument and refer to the most recent
version of Standard Methods for the Examination of Water and Wastewater. Measure conductivity
before pH because salts contained in the pH probe may artificially increase sample conductivity.

Because conductivity depends on temperature, be sure to convert all conductivity measurements to
25oC if your instrument doesn't automatically do so. Measurements collected at various temperatures
can thus be compared. The farther the sample temperature deviates from 25oC, the greater the possible
error in converting the reading to 25oC. According to Standard Methods, 19th Ed., 1995, the
conductivity of a sample measured at a temperature other than 25oC can be converted to conductivity at
25oC by:
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Specific Conductance @ 25oC =   sample conductivity (µmhos/cm) 
     1 + 0.0191 x (sample temp. oC - 25)

Conductivity meters that do not automatically correct readings to 25oC usually include a conversion
table or chart to allow for this correction. In addition to temperature, a sample's conductivity can
change as the sample is exposed to the atmosphere. Therefore, make sure you measure conductivity in
the field as soon as possible after purging. Some meters must have their "zero" and "red line" checked
and adjusted before use. Check the manufacturer's instructions before using the meter.

Most problems related to collecting poor conductivity data include fouling of the electrode, improper or
no instrument calibration, not allowing the probe to equalize with the sample temperature, and
improperly or not converting readings to 25oC.

Some common and acceptable methods for measuring conductivity in the field include:

1) Lowering a conductivity probe into the water column of the well. This is an in-situ
measurement. Take readings during or immediately after purging. This method ensures that your
conductivity values most closely represent actual groundwater conductivity. Submerse the probe
in the water long enough for it to equilibrate with the groundwater temperature. A couple of
minutes usually suffices.

If you use this method before disturbing the water column (e.g., pumping or bailing), you may be
able to detect conductivity stratification, which may indicate the well is screened in multi-layered
strata.

2) Inserting a conductivity probe into a closed flow-through cell. You can do this in
conjunction with the low-flow purging method.

During low-flow purging on a hot or cold day, the sample will artificially warm up or cool down
as it travels through the sampling tube or flow-through cell. Use a short tubing and insulate or
shield the flow-through cell to minimize these effects.

3) Inserting a conductivity probe into a sample. For this method to work effectively, measure the
conductivity from the sample soon after collecting it (e.g., within five minutes) or while purging.
If measuring conductivity while purging, allow the water to overflow from the sample container
while measuring. Wait until you've collected at least three stable readings to record the final
conductivity. If the water you are sampling is hazardous, properly collect, contain and dispose of
the overflow water.

2.7.4pH

pH measures a solution's hydrogen ion concentration and is also referred to as a solution's degree of
acidity or alkalinity. A ph value of 7.0 is considered neutral, while pH values progressively lower than
7.0 are acidic (increased concentration of H+) and pH values progressively higher than 7.0 are basic or
alkaline (decreased concentration of H+). pH plays a very important role in the chemical composition
and valence state of groundwater constituents. A sample's pH will influence and affect
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chemical composition, chemical reaction rates, and biological (e.g., biodegradation) processes. For
example, pH measurements provide information on the solubility of metals and the valence state of
many compounds. As a sample's pH changes, many precipitation, co-precipitation and sorption
processes can occur that can alter the sample's chemical composition.

Because a sample's pH can change quickly after collection, it is important to take this measurement
down the well, in a flow-through cell, or immediately after collecting a sample. Aeration, oxidation and
the loss or gain of dissolved gasses can significantly alter pH. The partial pressure of dissolved carbon
dioxide (CO2) is usually quite different in groundwater than the partial pressure of CO2 that exists in
air at the land surface. The pH is sensitive to the amount of CO2 dissolved in the sample. According to
Shaver (1993), if dissolved CO2 degasses from a sample, the pH increases (decrease in H+) and
bicarbonate (HCO3

-) concentration decreases [HCO3
- + H+ ⇒  CO2 (aq) + H2O]. A change in sample

temperature can also affect the pH by affecting the solubility of CO2. Also, according to Shaver (1993),
microbial respiration and associated CO2 production in a groundwater sample can lower the pH and
increase bicarbonate HCO3

- [CO2 + H2O ⇒  H+ + HCO3
-]. Shaver (1993) provides a good discussion of

the bias of pH and alkalinity measurements taken in the field versus later in a laboratory.

In-field pH Measurement

Before use, a pH instrument and probe must be properly calibrated with pH buffer solutions. Two fresh
pH buffer solutions (7.00 and 4.00 or 7.00 and 10.00, based on the anticipated groundwater pH), with
temperatures within 5oC of the groundwater samples are required for instrument calibration. Properly
fill the probe with salt solution, if required. Follow the manufacturer's instructions for proper
calibration and the frequency of calibration for the meter you are using. Read and record pH
measurements to the nearest ±0.1 pH units. Some common and acceptable methods for measuring pH
in the field include:

1) Lowering a pH probe into the water column of the well. This is an in-situ measurement. Take
readings during or immediately after purging. This method ensures that your pH values most
closely represent actual groundwater pH. Submerse the probe in the water long enough for it to
equilibrate with the groundwater temperature. A couple of minutes usually suffices.

Lower into the well only those pH probes specifically designed to be completely submerged and
that can withstand significant hydraulic heads.

2) Inserting a pH probe into a closed flow-through cell. You can do this in conjunction with the
low-flow purging method.

During low-flow purging on a hot or cold day, the sample will artificially warm up or cool down
as it travels through the sampling tube or flow-through cell. Use a short tubing and insulate or
shield the flow-through cell to minimize these effects.

3) Inserting a pH probe into a sample. For this method to work effectively, measure the pH from
the sample soon after collecting it (e.g., within five minutes) or while purging. If measuring pH
while purging, allow the water to overflow from the sample container while measuring. Wait
until you've collected at least three stable readings to record the final pH.
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 If the water you are sampling is hazardous, properly collect, contain and dispose of the overflow
water.

Checking and Adjusting the pH of a Preserved Sample

Two common and simple methods are available for checking and adjusting the ph of a sample. The
easiest method is to insert a pH probe into a decanted portion of the preserved sample, and check and
adjust pH if necessary. The second method involves using pH paper to check and adjust the pH of a
decanted portion of the preserved sample if necessary. Section 2.8 of the Groundwater Sampling Field
Manual, PUBL-DG-038 96, provides step-by-step procedures for checking and adjusting pH by these
two methods.

Do not check the pH of VOC samples. Use sufficient preservative the first time to ensure the pH of a
VOC sample is properly adjusted. Your laboratory should be able to instruct you on the amount of
preservative that should sufficiently adjust the pH of VOC samples.

2.7.5Turbidity

Turbidity measures the clarity, not color, of a water sample. Turbidity is caused by suspended and
colloidal matter such as clay, silt, finely divided organic and inorganic matter, and microscopic
organisms. Turbidity is determined by the ability of light to travel through a sample without being
scattered or absorbed. The presence of light-absorbing materials such as activated carbon and the
presence of dissolved, color-causing substances that absorb light may contribute to a sample's turbidity
(Standard Methods, 19th Ed., 1995).

In-field Turbidity Measurements

Most commercially available turbidimeters and nephelometers give fairly accurate results for
measuring a wide range of turbidity values. Most are not designed to be used in a flow-through cell.
Report measurements taken with turbidimeters or nephelometers in nephelometric turbidity units
(NTUs). According to Standard Methods, 19th Ed., 1995, turbidity should be measured on the day the
sample is collected, but you can store the sample in the dark for up to 24 hours before measuring.
Shake it vigorously to resuspend any particles before measuring. Use the turbidimeter or nephelometer
according to the manufacturer's instructions. Read measurements to the nearest 0.1 NTUs, if possible.

When using a turbidimeter, make sure the glass sample vial is very clean, does not have condensation
on it, and that there are few, if any, air bubbles present in the sample. These factors can all interfere
with turbidity readings. In addition, if soluble compounds in the sample begin to precipitate out of
solution (e.g., dissolved iron or manganese), then the turbidity measurements may be artificially high.

If you do not use a turbidimeter, you can measure turbidity qualitatively by indicating whether the
sample has very little turbidity, moderate turbidity or is very turbid, or by a similar descriptive method.
Keep in mind that this is a subjective and qualitative way to measure turbidity.
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2.7.6Dissolved Oxygen

Dissolved oxygen (DO) levels in water depend, in part, on the chemical, physical and biochemical
activities occurring in the water. Oxygen has a limited solubility in water directly related to
atmospheric pressure and inversely related to water temperature and salinity. Both the electrons and
energy are transferred in biological and geochemical oxidation-reduction reactions (redox) reactions
(Rose and Long, 1988). Low dissolved oxygen levels can limit the bacterial metabolism of certain
organic compounds. Dissolved oxygen can significantly affect the valence state of trace metals.

Dissolved oxygen readings can be very useful when you are investigating groundwater contamination
from biodegradable organic compounds. Careful DO readings will help delineate the 3-dimensional DO
zonation that may be occurring in a contaminated aquifer.

In-field Dissolved Oxygen Measurements

Methods you may use to determine DO in the field include: the Winkler titration method, the
electrometric (i.e., dissolved oxygen meter) method, and the colorimetric method. Under field
conditions, both the precision and detection limit for DO are approximately 0.2 mg/L (Rose and Long,
1988). The DO meter is simple to use but may be subject to more measurement error than the Winkler
method; however, the Winkler method is time-consuming and difficult to perform under some field
conditions. Simple colorimetric methods (e.g., supplied by Hach® and CHEMetrics, Inc.), with
sensitivity ranging from ±0.1 mg/L to ±1 mg/L, are also available. This method employs a substance
(e.g., indigo camine) that reacts with DO in a water sample to form a color. The intensity of the color is
directly proportional to the DO concentration in the sample.

If you use a DO meter, check the electrode membrane frequently and replace it at least once a month.
Calibrate the DO meter and probe before use. To obtain high quality DO readings, use either the
Winkler titration method or a DO meter. Periodically check the meter's performance against the
Winkler titration method.

Because groundwater DO can change rapidly when exposed to air, lower a DO probe into a well and
place it next to a pump's inlet while purging, or insert a DO probe into a closed flow-through cell
(Garner, 1988 and others). Do not use suction-lift pumps and air-lift pumps to collect DO samples;
loss or addition of dissolved oxygen in the sample is very likely.

Common and acceptable methods for measuring DO in the field include:

1) Lowering a DO probe into the water column of the well. This is an in-situ measurement.
Take readings during or immediately after purging. To function properly, most DO probes
require that water continually flow past the membrane while measurements are being collected.
Therefore, if you take DO readings after purging, use either a DO probe equipped with a stirring
rod or, less preferably, slowly raise and lower the probe in the water column while collecting
readings.

Note: If the drawdown in a water table well is excessive, be aware that cascading
water through a well's filter pack and well screen can artificially increase the DO of
the in-flowing groundwater.
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2) Inserting a DO probe into a closed flow-through cell. You can do this in conjunction with the
low-flow purging method.

During low-flow purging on a hot or cold day, the sample will artificially warm up or cool down
as it travels through the sampling tube or flow-through cell. Use a short tubing and insulate or
shield the flow-through cell to minimize these effects.

3) Inserting a DO probe into a sample. For this method to work effectively, measure the DO
from the sample soon after collecting it (e.g., within five minutes) or while purging. If measuring
DO while purging, allow the water to overflow from the sample container while measuring. Wait
until you've collected at least three stable readings to record the final DO. If the water you are
sampling is hazardous, properly collect, contain and dispose of the overflow water.

2.7.7Eh (Oxidation-reduction potential)

Oxidation-reduction (redox) reactions can affect chemical and biological reactions in water by the gain
(reduction) or loss (oxidation) of electrons. A common redox reaction occurs when a reduced
groundwater sample containing dissolved ferrous iron (Fe+2) is subjected to an increase in the sample's
dissolved oxygen content. The dissolved oxygen accepts an electron from Fe+2, thus oxidizing the iron
and changing it to ferric iron (Fe+3). Ferric iron then precipitates out of solution as ferric oxide or
oxyhydroxides; the dissolved ferrous iron concentration in solution is subsequently decreased.

Redox reactions can occur with elements or compounds existing in one or more valence states (i.e.,
substances capable of gaining or losing electrons). For a redox reaction to occur, one compound must
be reduced while another is oxidized. Redox reactions influence the mobility of metal ions by changing
the valence state of metals, which in turn changes the solubility of the metals, causing them to dissolve
into or precipitate out of solution.

Microorganisms can act as catalysts to speed up otherwise very slow redox reactions. They use the
redox reactions as a source of energy (Domenico and Schwartz, 1990). Under aerobic conditions,
oxygen acts as the electron acceptor in biological redox reactions. Under anaerobic conditions, nitrate,
sulfate, methane and carbon dioxide may act as the electron acceptor in biological redox reactions.
Anaerobic redox reactions typically occur much more slowly than aerobic redox reactions. Many
natural attenuation and biodegradation processes and rates depend on redox geochemistry. A thorough
understanding of a site's geochemistry is essential to developing a remediation strategy for a site.

According to Standard Methods, 18th Ed., 1992 and 19th Ed., 1995, factors that may interfere with
the collection and interpretation of Eh values include irreversible reactions, sorption and poisoning
effects on the electrodes, sample handling and preservation, the presence of multiple redox couples,
very small exchange currents, inert redox couples, and the lack of electrochemical equilibrium of
natural groundwater systems. However, Standard Methods, 18th Ed., 1992, concludes that when Eh
measurements are properly measured and interpreted, Eh values can provide useful information in
developing a more complete understanding of water chemistry.

According to Walton-Day et al., (1990), field Eh values can facilitate a comprehensive analytical
determination of groundwater redox conditions when used in conjunction with laboratory analyses of
other compounds such as redox active metals and anions, total dissolved carbon, and chemical oxygen
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demand (COD).

In-field Measurements of Eh

Field measurements of Eh (or redox potential) must be made in an air-tight flow-through cell or down
the well. The water must not come in contact with the atmosphere while Eh is being measured. Read Eh
meter measurements to ± 10 millivolts (mV). A positive Eh value indicates that the solution is
oxidizing while a negative value indicates that the solution is chemically reducing. Set up and calibrate
the Eh meter and electrodes according to the manufacturer's instructions and refer to the most recent
version of Standard Methods for the Examination of Water and Wastewater. Recalibrate your
instrument at least daily and more frequently for turbid, organic-rich, or high dissolved-solids samples
(Standard Methods, 18th Ed., 1992). Make sure the reference electrode has sufficient solution for
maintaining its salt bridge.

You can measure redox potentials in the field using an inert indicator electrode and a suitable reference
electrode. Platinum electrodes are most commonly used. Alternative electrodes are made of materials
such as gold and wax-impregnated graphite (WIG). Pretreat platinum and WIG electrodes carefully
before field use. Store platinum electrodes in an oxygen-scavenging solution; the electrode may require
frequent replacement when exposed to oxygenated groundwater (Walton-Day et al., 1990). The WIG
electrodes show no sensitivity to oxygen; however, laboratory tests have indicated possible sensitivity
to dissolved organic matter (Walton-Day et al., 1990). Standard Methods, 19th Ed., 1995, indicates
that silver:silver-chloride or calomel electrodes are commonly used reference electrodes for
groundwater samples. Refer to the most recent version of Standard Methods for the Examination of
Water and Wastewater before attempting to collect and interpret Eh measurements.

Walton-Day et al., (1990) describes an inexpensive, portable, homemade, air-tight flow-through cell
that you can use for rapid field determinations of redox potentials in addition to pH, conductivity,
ferrous and total iron, nitrite, dissolved oxygen and temperature. Drawings and specifications for
constructing the flow-through cell are provided. You can also purchase or rent commercially-available
closed flow-through cells.

Relationship of Eh and pH

The relationship between Eh and pH is commonly expressed through Eh-pH diagrams. You can use an
Eh-pH diagram to evaluate the stability for both solid and dissolved ionic species in a solution. If a
solution has several ions present that can react or have different valence states, the valence state will
depend on the Eh and pH of the solution (Fetter, 1993). Eh-pH diagrams show which ions, compounds,
solid and dissolved phases, and redox conditions would be expected in an equilibrium solution at
various Eh-pH values. Fetter (1993) and Domenico and Schwartz (1990) provide detailed discussions
on Eh-pH relationships and diagrams.
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2.7.8Color

Color is measured qualitatively in the field. A change in water color may indicate changes in
groundwater quality. "True color" is the color of water due to dissolved substances after colloids and
particulates have been removed. Observe color against a white background after filtering a sample. Use
common color descriptors (e.g., light gray, dark brown, etc.,) or standardized color descriptors (e.g.,
color comparison disk for water or Standard Methods) to describe sample color.

If you do not filter the sample, any color you observe will be "apparent color." Apparent color is the
combination of the color of dissolved substances and the color of colloids and particulates. Even slight
turbidity can make apparent color noticeably higher than true color (Standard Methods, 19th Ed.,
1995).

2.7.9Odor

Odor can serve as a general indicator of groundwater quality. However, WDNR does not require nor
advocate smelling water samples. If you do not know the type and approximate concentration of
substances in a sample, do not smell it. Some volatile organics, even at low concentrations, are
considered hazardous if inhaled (e.g., vinyl chloride).

If you know that the type and concentration of substances are below safe values as established by the
Occupational Safety and Health Association (OSHA) or the National Institute for Occupational Safety
and Health (NIOSH) Pocket Guide to Chemical Hazards or other acceptable guide, then you may note
sample odor. Carefully wave your hand over the sample opening and note any distinct odor. Describe
the odor by commonly understood descriptors (e.g., light sweet odor, strong sewage odor, rubber odor,
etc.,).

2.7.10 Other Measurements and Parameters

More accurate and detailed hydrogeochemical interpretations of groundwater may require that you
determine additional measurements, parameters and constituents (e.g., alkalinity, hydrogen sulfide,
carbon dioxide, etc.,) in the field. Include the need for such measurements and analyses in the project's
sampling plan.

Alkalinity measures the acid neutralizing capacity of water and primarily includes carbonate (CO32-),
bicarbonate (HCO3

-) and hydroxide (OH-) ions.

2.8 SAMPLE FILTRATION

2.8.1Objectives and Considerations

There is much debate among groundwater professionals, researchers and regulators regarding whether
or not to filter inorganic groundwater samples. Organic samples are not filtered. The primary objective
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is to collect representative groundwater samples that include colloids,
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particulates, turbidity, and adsorbed inorganic and organic constituents moving through the
groundwater under natural flow conditions. A groundwater sample that contains artificially mobilized
colloids and particulates may change the concentration of some of the dissolved constituents (e.g.,
dissolved metals), thus yielding a sample that does not represent true groundwater quality. If you add
acid preservative to such a sample without filtering it first, the sample will likely be artificially high in
dissolved inorganic constituents.

A great deal of research and discussion in recent years has centered on the causes, problems and
solutions associated with artificially-mobilized colloids and particulates, and whether samples should
or should not be filtered.

Causes, Problems and Solutions Associated with Artificially-Mobilized Colloids
and Particulates

Unfortunately, the processes of drilling, constructing, developing, purging and sampling a well tend to
mobilize colloids and particulates that are not moving through the groundwater under natural flow
conditions. This artificially-mobilized material may have adsorbed contaminants on its surface and may
be made up in whole or in part of naturally-occurring inorganics (e.g., iron, copper, zinc, arsenic,
manganese, lead, etc.,).

One thing is clear, the amount of artificially-mobilized material can be reduced in many cases by
properly drilling, constructing and developing the well and by using purging and sampling methods that
minimally disturb the groundwater in and around the well.

Section 2.5 details the importance of proper well construction and development. It covers well purging
and sampling procedures that provide samples with the least amount of artificially-mobilized colloids
and particulates. Low-flow purging and sampling procedures consistently collect samples with the least
amount of artificially-mobilized colloids and particulates.

To Filter or Not to Filter

Filtering inorganic samples should remove most of the artificially-mobilized colloids and particulates
that may have been artificially incorporated into the groundwater samples collected from a well. Yet
filtering may also remove colloids and particulates, and any contaminants sorbed to them, that are
moving through the groundwater under natural flow conditions. If these naturally-mobile colloids and
particulates are filtered out of a sample, the true types and concentrations of contaminants moving
through the groundwater will not be known.

Depending on equipment and techniques used, the very process of filtering a sample may alter the
chemistry and concentration of dissolved metals and other constituents in the sample. Filtering can
change the partial pressure of dissolved gasses (e.g., oxygen and carbon dioxide), pH and redox-state.
Filtering can add oxygen by agitation, remove dissolved gasses by negative pressure filtration, add
dissolved gasses by positive pressure filtration, and subsequently alter the chemistry and concentration
of a sample's dissolved constituents.

Unfortunately, literature available on filtering is inconclusive regarding when, where and under what
specific circumstances filtering should or should not be required. The decisions appear to be very
specific to each situation, depending primarily on: 1) the contaminants or constituents being collected
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and their susceptability to alteration during filtration; 2) the hydrogeologic environment; 3)
groundwater chemistry; and 4) the ultimate use and purpose of filtered versus unfiltered analytical
results.

Reasons Why Samples Should be Filtered

1. Filtering removes much of the artificially-mobilized colloids and particulates that may be
an artifact of the well construction and well purging/sampling process.

2. Wells that purge dry are often constructed in silt and clay formations. Regardless of the
purging and sampling technique used, groundwater samples collected from these wells
typically have artificially-mobilized colloids and particulates (i.e., high turbidity). Based
on the reasons stated below, these samples should be filtered.

3. Some organic and inorganic substances adsorb onto materials (e.g., organic matter and
charged materials) in the groundwater. If these adsorbed contaminants are artificially-
mobilized but not filtered out before preserving the sample, then analytical results may be
artificially high. Artificially high analytical results may cause expensive and unnecessary
enforcement action against a site or facility.

4. If artificially-mobilized materials are made up, in whole or in part, of naturally-occurring
inorganics (e.g., minerals or metals) and are not filtered out before preserving the sample,
then analytical results for dissolved inorganics may be artificially high. Artificially high
dissolved inorganic results may cause expensive and unnecessary enforcement action
against a site or facility.

5. Artificially-mobilized materials, if not filtered out of a sample, may cause artificial
fluctuations in analytical results and false trends in analytical data.

6. Unfiltered samples may clog and interfere with sensitive analytical equipment.

7. If filtering is done on a sample as it is being collected (e.g., direct, in-line filtration) or
immediately after, any changes in the chemistry or concentration of constituents in a
sample are usually minimal.

Reasons Why Samples Should Not be Filtered

1. Except in cases were a well produces artificially turbid samples regardless of the
purging/sampling technique, if a well is constructed and developed properly and low-flow
purging and sampling techniques are used, samples primarily consist of colloids and
particulates moving through the groundwater under natural flow conditions.

2. Filtering of samples may cause significant alterations to the chemistry and concentration
of constituents in a sample.

3. Filtering may remove colloids, particulates and sorbed-contaminants that are mobile under
natural flow conditions. Therefore, filtering may cause an underestimation of the amount
of contamination that is naturally mobile in the groundwater. Groundwater flowing
through fractured bedrock and karst formations commonly has higher concentrations of
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naturally mobile materials than does groundwater flowing through unconsolidated
materials.

4. Clogging of a filter membrane may decrease the nominal pore size of the filter, thus
removing progressively smaller colloids and particulates. This reduces the consistency of
the particle size that is being filtered out of a sample (e.g., 0.45 microns) and increases the
chance that naturally mobile materials will be filtered out of a sample. Use of a pre-filter
or a larger diameter filter will minimize this problem.

5. Unless a sample is filtered immediately, the chemistry and concentration of contaminants
in a sample will likely be altered.

2.8.2Filtering Equipment

Many filtering devices on the market are appropriate for filtering groundwater samples. All filtering
devices have one thing in common; samples are either pushed through a filter membrane by applying
positive pressure, or samples are pulled through a filter membrane by applying negative pressure
(vacuum). A filter membrane, also called "filter paper," must always be disposed of after one use.
Disposable filtering devices are available, as are those that can be reused after being properly
decontaminated.

Filter membranes come in a wide variety of shapes, diameters, surface areas and pore sizes. They are
made from a variety of materials. For the filtering of dissolved inorganic samples (i.e., dissolved
metals), WDNR requires that a 0.45 micron (µm) filter pore size be used. The filter membrane and pre-
filter (e.g., glass microfiber filters) can be of any diameter, shape and surface area that suit the samples
being filtered. Filter membranes are commonly made of cellulose acetate, cellulose nitrate, Teflon® or
glass microfiber (pre-filters).

Figure 22 illustrates three positive pressure filtration systems.

2.8.3Techniques and Procedures

IMPORTANT: Field filter all samples collected for dissolved metals analyses immediately after
collecting the samples. There are three general exceptions:

1) Total metals results are required. This requirement may be in a Wastewater permit,
administrative rule, sampling contract or other requirement or agreement.

2) WDNR grants a verbal or written approval to the responsible party, or its representative, which
allows unfiltered metal sample results.

3) Low-flow sampling procedures are used, three consecutive in-field turbidity readings (spaced ~2
minutes or ~ 0.5 well volumes or more apart) are all 5 NTUs or less and WDNR grants verbal or
written approval to the responsible party, or their representative, which allows unfiltered metal
sample results.
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Figure 22: Positive pressure filtration systems: a) reusable in-line filtration device outfitted with a sample
transfer container, top; b) reusable transfer vessel and hand pump, lower left; and c) disposable,
direct in-line filter attached to a pump’s discharge line, lower right.
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For filtering dissolved inorganic samples (i.e., dissolved metals), WDNR requires that a 0.45 micron
filter pore size be used. Flush or rinse filter membranes and sample containers with a minimum of 500
milliliters (mls) of laboratory reagent grade water before use unless the manufacturer has already pre-
washed and pre-rinsed filter membranes. In addition, discard the first 150 mls of sample that passes
through the filter before filling sample containers. As a general rule of thumb, no more than 50 pounds
per square inch (psi) should be applied to a sample to push or pull it through a filter membrane. Use
positive pressure filtration rather than vacuum filtration, which causes excessive aeration and agitation
of samples.

The filtering technique that consistently provides samples with the highest level of data quality is to use
a direct, in-line filter attached directly to a pump's discharge line, pumping at a low-flow rate.

The following filtering procedures are recommended when filtering groundwater samples. The first
procedure listed consistently yields the highest level of data quality. The last procedure typically
yields a lower level of data quality:

1) Low-flow purging and sampling, no filtration and three consecutive turbidity readings of 5
NTUs or less. This procedure involves purging a well at 1 L/min (0.26 gpm) or less and
sampling the well at 300 ml/min (0.1 gpm) or less. The sample does not require filtering if its
turbidity is 5 NTUs or less over three or more stable readings (spaced ~2 minutes or ~ 0.5 well
volumes or more apart) and if WDNR staff has granted either verbal or written approval for no
filtration.

Under this scenario purging and sampling rates should be at or less than natural flow conditions
existing in the aquifer. Low turbidity values (<5 NTUs) should reflect the naturally mobile
colloids and particulates moving through the groundwater.

2) Low-flow purging and sampling and in-line filtration device connected directly to the
sample tubing. This procedure involves purging a well at a flow rate of 1 L/min or less,
sampling at a flow rate of 300 ml/min or less and connecting an in-line filter directly to the
sample tubing.

Under this scenario, purging and sampling rates should still be at or less than natural flow
conditions existing in the aquifer; however, for certain wells constructed in tills, silts and clays,
samples may be turbid even if low-flow techniques are used.

Using a direct, in-line filter eliminates atmospheric contact with the sample and greatly reduces
sample alteration during the filtering process. Figure 23 illustrates the mean percent difference
in filterable iron concentrations with in-line filtration and without in-line filtration; losses of
filterable iron can approach 100 percent.
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3) Purging and sampling with a bailer and in-line filtration device attached directly to the
bailer. If you use only a bailer for purging and sampling, you can equip the bailer with a gravity-
fed or pressure-fed in-line filtration system (Figure 24). If the sample is excessively turbid or
silt-laden, this process can be excessively slow and impractical.
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4) Sample is decanted to a container (e.g., transfer or holding vessel) or is poured into a
filtering device and field-filtered immediately. This procedure involves decanting the sample
into a container or pouring the sample into the filtering device and then applying a positive
pressure or vacuum (not recommended) to force the sample through a filter membrane. Filter
immediately after collection to minimize sample alteration. Research has shown that iron
precipitation can occur as fast as 30 seconds after sampling (Stolzenburg and Nichols, 1985). If
possible, use nitrogen or another inert gas to push a sample through a filtering apparatus (note:
don't use nitrogen gas if nitrogen compounds are being analyzed). Keep positive pressure as low
as possible; less than 50 psi is recommended.

5) Filtering not done immediately after collection. Unless the constituents of concern are not
subject to alteration by changes in partial gas pressures, pH, Eh and redox potentials, do not use
this method. If the constituents being collected are subject to alteration while waiting to be
filtered, the resultant analytical data will not represent the chemistry of the well's groundwater.

Geochemical Samples

Puls and Barcelona (1989) recommend that, for accurately estimating the ambient chemical
constituents of an aquifer, you should perform filtration in the field with an in-line, non-metallic filter
using a large (e.g., 142 mm) polycarbonate-type (thin with sharp pore-size cutoff) 0.1 µm filter. They
emphasize minimizing air contact and acidifying samples to a pH of <2 immediately after filtration.
Also use dedicated low-flow purging and sampling pumps and procedures when collecting and filtering
these samples. Puls and Powell (1992) also recommended using in-line 0.1 µm filters with large
surface areas and low-flow purging and sampling procedures for collecting constituents for
geochemical modeling purposes.

2.8.4Decontamination of Filtering Apparatus

If you are using an in-line disposable filtering device, decontamination is not necessary. Never reuse
disposable filtering devices, even between "clean" wells.

Decontaminate non-disposable filtering apparatus between each sample you filter. As with any other
piece of groundwater equipment, the rigor of decontamination will depend on the contaminants in the
sample, regulatory requirements and the level of data quality required. Refer to Section 2.10.3 when
decontaminating filtering equipment.
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Figure 24: Pressure-fed in-line filtration system for a bailer (Courtesy of GeotechTM).
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2.9 SAMPLE PRESERVATION AND HANDLING

2.9.1Sample Containers and Preservation

Appendix C of the Groundwater Sampling Field Manual, PUBL-DG-038 96, lists common sample
containers for a variety of compounds and parameters. In some cases, such as when collecting boron
samples, using a boro-silicate based glass jar can actually contribute boron to the sample. Take care to
ensure that sample containers do not adsorb contaminants onto the container, leach contaminants from
the container into the sample, or otherwise change the chemical composition of the sample. Check with
the laboratory that is analyzing your samples.

Sample containers may require special cleaning before use. For example, when collecting dissolved
metal samples, thoroughly wash the sample containers with a non-phosphate detergent. Rinse with tap
water, then nitric acid, again with tap water – then rinse with hydrochloric acid, tap water, and finally a
reagent grade water. In most circumstances, the laboratory will do this or will purchase containers that
have undergone this rigorous cleaning procedure. Either way, check with your laboratory to see if any
special pre-cleaning procedures are necessary.

Appendix C of the Groundwater Sampling Field Manual, also lists sample preservatives suitable for a
variety of contaminants and parameters. Preserving samples retards biodegradation reactions,
hydrolysis reactions, precipitation and coprecipitation reactions and sorption reactions. Sample
preservation usually involves reducing or increasing pH by adding an acid or base preservative.
Samples are also preserved by cooling them to 4oC. Add preservatives to the container before or
immediately after collecting the sample. If you add preservative before collection, take care to minimize
sample overflow, which may dilute the preservative. If a sample requires filtration, add preservative
after filtration, not before.

2.9.2 Sample Handling, Storage and Transport

After collecting, filtering (if required), preserving and labeling, place the sample immediately on ice in
a cooler. Samples must remain at or below 4oC throughout handling, storage and shipping. Add
sufficient ice or use another cooling method to keep the samples at or below 4oC. Avoid using frozen
cold packs because they rarely keep samples sufficiently cool. If you must use frozen packs, precool the
samples to 4oC and add a temperature blank before shipping. The laboratory will use the temperature
blank to document the temperatures of the samples upon arrival.

Separate breakable sample containers (e.g., glass VOC vials) with bubble wrap, foam, ice, etc. At least
a portion of each container must contact the ice, otherwise the protective layer (e.g., bubble wrap) may
insulate the sample from the cooling effects of the ice. Placing samples in a plastic bag can help
minimize the chance of cross-contamination among samples should a container break.

Be conscious of analytical holding times and minimize the time between sampling and delivery to the
laboratory. Results for samples analyzed after holding times have expired are questionable at best.
Laboratories are required to honor holding times. When samples arrive near the end of the holding
time, the risk increases that holding times will not be met and you may incur additional costs
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to expedite sample analyses. If the laboratory exceeds holding times, results should be flagged. If
samples are submitted to the laboratory beyond the holding time, don't be surprised if you get a call
suggesting resampling.

Reminder: Chain of Custody procedures are part of the handling procedures. See Section 2.10.5 for
more details.

2.10 QUALITY ASSURANCE/QUALITY CONTROL

Following proper QA/QC procedures when collecting samples in the field will help minimize error,
variability and bias in results attributable to sampling and handling. Both the equipment and
procedures used in collecting and handling groundwater samples have limitations that introduce a
certain level of error, variability and bias into the final analytical results.

Quality assurance (QA) procedures for collecting groundwater samples are the checks, such as
documentation and quality assurance samples, that establish the type and quality of collected data. For
example, a trip blank verifies whether samples were exposed to extraneous contamination during
storage and transport, while a field blank verifies whether equipment decontamination procedures were
adequate.

Quality control (QC) refers to the plans, equipment and procedures used to verify and maintain the
quality of collected data. One important QC procedure – if dedicated or disposable equipment is not
used – is to sample wells from least to most contaminated. Do this to avoid cross-contamination
between wells and samples. Refer to Section 2.1 for further details.

2.10.1 Quality Assurance/Quality Control Plan

Incorporate QA/QC procedures into the entire sampling and monitoring process. Include the QA/QC
procedures for a project in the site-specific sampling and analysis plan (SAP), or less preferably, create
a QA/QC plan as a separate plan. The content and level of detail to include in a QA/QC plan will vary
according to the project's data quality objectives. Important QA/QC procedures include:

1. Following a site-specific sampling plan based on data quality objectives.
2. Using appropriate purging and sampling equipment and procedures.
3. Decontaminating and storing equipment properly.
4. Collecting, handling and storing samples properly.
5. Following sample chain of custody procedures.
6. Documenting the entire sampling event.
7. Following proper equipment calibration procedures and properly using and maintaining the

equipment.

Other references for developing QA/QC procedures and plans include Van Ee and McMillion (1988)
and Kent and Payne (1988). References for evaluating and documenting the quality of
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groundwater data, field instruments and measurements include Campbell and Mabey (1985) and
Mackiewicz (1990).

2.10.2 Quality Assurance Samples

Trip Blank

The purpose of the trip blank is to determine if any volatile samples have become contaminated with
extraneous substances during storage and transport.

Trip blanks are only necessary when collecting VOC, gasoline range organics (GRO), and petroleum
volatile organic compound (PVOC) samples. Trip blanks should be prepared and provided by the
laboratory analyzing the VOC, GRO or PVOC samples. Trip blanks must be prepared with laboratory
reagent grade water and analyzed by the same laboratory that is analyzing the volatile samples. Do
not prepare trip blanks with water (even if distilled or deionized) purchased at a store; there is no
guarantee that store-bought water is contamination-free. The trip blank should remain in the same
cooler in which the groundwater samples are stored and shipped.

Note: If trip blank holding times permit, trip blanks do not need to be analyzed if
VOC, GRO and PVOC compounds are not detected in any of the groundwater
samples. Trip blanks have the same holding time as samples.

Include one trip blank per sample batch, that is, at least one per sampling event and one per cooler. If
you use more than one vehicle to transport the samples, or if samples are not shipped together, include
one trip blank per vehicle or one trip blank per cooler. The easiest way to minimize the number of trip
blanks necessary is to store, transport and ship all VOC, GRO and PVOC samples in one cooler.

Field Blank

Field blanks are also commonly called field rinsate blanks, decontamination blanks and equipment
blanks. A field blank evaluates the effectiveness of decontamination procedures when equipment is not
dedicated to a well or disposed of after one use. If decontamination procedures are effective, there
should be no contamination in the field blanks. Field blanks are not required if dedicated sampling
equipment or disposable sampling equipment is used.

A field blank consists of a sample of the reagent grade water supplied by the laboratory and used in the
final rinse step of the equipment decontamination procedure. Process the field blank water through the
equipment the same way you process any other final rinse water.

Collect one field blank for every 10 or fewer samples collected. Analyze the field blank for the same
parameters as the samples. If possible, collect the field blank after sampling the most contaminated
well.
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Field Duplicate

A field duplicate sample is collected to determine the variability of analytical results caused by the
sampling equipment and procedures used. Collect field duplicates for sensitive parameters such as
VOCs, sorptive organics and trace metals. Try to choose wells in which the contaminant concentrations
have been relatively stable over time and wells that are screened in relatively homogeneous material.
This will minimize analytical variability caused by contaminant concentration gradients that may exist
in the groundwater system.

Collect one field duplicate for every 10 or fewer samples collected. This frequency can be reduced if it
is demonstrated to the satisfaction of WDNR that variability in duplicate samples has been consistently
low (typical of low-flow dedicated pump samples). Collect and handle the original sample and field
duplicate using the same procedures; however, label them differently so the laboratory cannot tell they
are duplicates; thus minimizing any potential bias. If possible, collect the duplicate and original sample
from the same grab sampler, from a water discharge splitter if pumping, or immediately after each
other if you do not use a discharge splitter.

Field duplicates can provide valuable information for determining if a ch. NR 140 exceedance has
occurred for substances that have PALs and ESs below the limit of quantitation (LOQ). If analytical
variability of sample duplicates is low, then there is greater confidence that the analytical results
represent true values; if not, re-sampling with better equipment or procedures may be appropriate.

Technical note: WDNR reserves the term "replicate" to describe a practice required
of laboratories. For the purposes of this document and the field manual, use the term
"field duplicate."

Field Split Samples

Field split samples are analyzed at more than one laboratory. The samples should be analyzed by
identical laboratory analytical methods to be comparable. Split samples determine the analytical
variability between laboratories, not analytical variability caused by the sampling procedures. The
technique for collecting split samples is critical and can contribute to variability in laboratory results.
Therefore, make sure you collect, store and transport split samples in the same exact manner.

In most cases, samples are split between the site owner or facility and its laboratory, and the regulatory
agency and its laboratory. The analytical results are then compared to evaluate variability caused by the
two laboratories. Take care when comparing split sample results. Ideally, identical sample handling and
analytical procedures are used at both laboratories. If not, consider these factors when comparing split
sample results.

Split samples are only required if requested by a regulatory agency or required by state or federal rules
or codes. However, you may wish to compare the analytical abilities of two or more different
laboratories.

If you are not collecting volatile or oxygen-sensitive samples (e.g., dissolved metals in reduced
groundwater), transfer a sample into one large container. Filter and preserve the sample if required
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and then split it into two or more separate containers. The containers should be of the same material
and volume. Add the same type and quantity of preservative to each container. To avoid using a
transfer container, when pumping a sample, use a splitter that divides the water discharge. This will
avoid the bias associated with using a transfer container. If you are splitting dissolved metal samples
and filtering is required, use direct in-line filtration in combination with a discharge splitter. Do not
transfer dissolved metal samples before splitting. Never filter or transfer organic samples, especially
VOC samples.

Sequential Samples

Sequential samples are those taken from the same well at the same time but with different sampling
equipment or procedures. Sequential samples evaluate analytical variability caused by different
sampling equipment or procedures. For example, a facility may use its own bailer to purge and sample
a well for VOCs and a regulatory agency may use a low-flow bladder pump immediately afterwards to
purge and sample the same well. You can reverse the order that different equipment is used in a well
and use field duplicates to further detect and evaluate analytical variability caused by different
sampling equipment and procedures.

When collecting sequential samples, try to choose wells in which the contaminant concentrations have
been relatively stable over time and wells screened in relatively homogeneous material. This will
minimize analytical variability caused by contaminant concentration gradients that may exist in the
groundwater system.

Handle, filter, preserve, store and transport a set of sequential samples in the same exact manner. Use
only one laboratory and one analytical method to analyze the samples. This will reduce these factors as
potential errors and biases.

2.10.3 Equipment Decontamination

Follow proper equipment decontamination procedures to minimize the potential for cross-
contamination between wells and maintain data quality. According to Nielsen (1991), without effective
decontamination procedures, any data generated by an investigation or remediation are subject to
critical scrutiny.

The level of rigor and stringency required for equipment decontamination will depend on 1) the type,
concentration, sorption and limits of detection of analytes being sampled; 2) the risk of equipment
coming into contact with contamination during storage and transport; 3) regulatory objectives and
requirements; and 4) the level of QA/QC procedures required.

Include equipment decontamination procedures in your site-specific sampling and analysis plan (SAP)
or the QA/QC plan. Some simple sampling events may not need a QA/QC plan; however,
decontamination procedures should still be documented.

All equipment contacting well water or any unclean surface should be properly decontaminated after
contact. Examples of equipment that require decontamination include: water level instruments; well
purging and sampling devices and accessories; filtration apparatus; and instruments used for field
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water quality measurements (e.g., conductivity, pH, turbidity and dissolved oxygen probes and meters).

Address any health and safety issues related to decontamination chemicals, equipment and procedures
in the site-specific health and safety plan (refer to Section 2.1.2).

Decontamination Procedures

The American Society for Testing and Materials (ASTM) Method D 5088-90 provides basic
guidelines for the "Decontamination of Field Equipment Used at Nonradioactive Waste Sites." The
ASTM Method D 5088-90 procedures recommend the following for decontaminating equipment that
comes into contact with sample water:

Minimum decontamination procedures

1. Wash sample contact equipment with a non-phosphate detergent solution (e.g., Alquinox®,
Liquinox®).

2. Thoroughly rinse the equipment with organic-free tap water.

More rigorous decontamination procedures

1. Wash equipment with a non-phosphate detergent solution and scrub with an inert brush.
For internal mechanisms and tubing, circulate the detergent solution through the
equipment.

2. Thoroughly rinse the equipment with organic-free tap water.

3. For organic sampling, rinse equipment with an organic desorbing agent (e.g., pesticide
grade isopropanol, acetone, methanol or hexane). For inorganic sampling, rinse with
inorganic desorbing agent (e.g., dilute [0.1 Normal] reagent grade hydrochloric acid or
nitric acid solution). For stainless and low-carbon steel, a more dilute hydrochloric acid
solution (1 percent) is recommended.

Note: If organic or inorganic desorbing agents are to be used, check with your
laboratory regarding potential analytical interferences or contamination potential
and proper use of these desorbing agents.

4. Rinse with organic-free tap water (only if inorganic desorbing agent used).

5. Rinse with deionized (reagent grade organic free) water. Allow the equipment to air dry
before next use.

6. Place equipment in an inert container or wrap in clean plastic or aluminum foil for storage
and transport.

In addition, disassemble the equipment as much as possible and wash/scrub it with a non-
phosphate detergent during decontamination. Because disassembling equipment can take



Chapter 2 - Sampling Procedures for Monitoring Wells

103

time and be hard on the equipment, use your professional judgement to determine when this is
necessary.

You may use the ASTM or similar decontamination procedures; however, some procedures may
be substituted or modified to meet specific project requirements or more stringent regulatory
requirements. Mickam et al., (1989) conducted an extensive survey of equipment
decontamination procedures used or required by the U.S. Environmental Protection Agency
(EPA) and state regulatory agencies. These procedures may prove to be a useful reference for a
variety of decontamination needs.

Decontamination Documentation

At a minimum, decontamination documentation should include: 1) the location where decontamination
occurred; 2) the individuals performing the decontamination; 3) the decontamination procedures,
including the wash solution and rinse water used (e.g., tap water and reagent grade water); 4)
equipment storage and transport procedures; and 5) the handling and disposal of decontamination
wastewater. If you have already included this information in your site sampling plan, redocumentation
is not necessary.

Disposal of Decontamination Wastewater

Depending upon the decontamination methods and solutions you use, your decontamination wastewater
may be classified as a hazardous waste by virtue of the contaminants you encounter at the site and the
solutions you use to decontaminate your equipment (e.g., hexane, acetone). This is usually not a
significant problem if the decontamination wastewater can be treated on-site. If hazardous wastewater
needs to be transported and treated/disposed of off-site, this will likely add additional cost to the
project. Contact WDNR staff to determine if decontamination wastewater is considered a hazardous
waste and the proper ways to manage it if generated.

If decontamination wastewater is classified as hazardous, the cost and time to properly treat and
dispose of it can be substantial. A couple of methods for avoiding the generation of hazardous waste is
to use dedicated equipment left in the well, thus minimizing or eliminating decontamination
wastewater, or to use dedicated equipment not stored in the well but taken back to a laboratory after
sampling to conduct proper decontamination procedures.

If the decontamination wastewater is not classified as hazardous waste, you may be able to dispose of it
into a sanitary sewer, not a storm sewer. You must get approval from the receiving wastewater
treatment plant (WWTP) beforehand. WWTP personnel will usually want to know the type and
concentration of contaminants and the volume of wastewater in question. If approval is granted, make
sure you don't pour silt-laden water into the sanitary sewer because silt may clog the sewer. Allow the
silt to settle out and then decant the clear wastewater into the sanitary sewer. Non-hazardous
wastewater may also be treated at an on-site groundwater treatment system, if appropriate.

2.10.4 Equipment Storage and Transport

Properly storing and transporting equipment protects it from a variety of extraneous solid, liquid and
airborne contaminants including oils, greases, fuels, solvents, paints and other VOCs.
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Examples of appropriate storage include wrapping the equipment in clean aluminum foil, placing it in
plastic bags, or placing it in a PVC carrying tube outfitted with end caps. The storage/transport device
should be made of relatively inert materials that will not contaminate the equipment. For example, if
you use a PVC tube to transport bailers, do not fasten the end caps to the PVC tube with glues that
contain VOCs.

You may designate one storage container for contaminated equipment and another for decontaminated
equipment. Clearly label the containers as such.

2.10.5 Chain of Custody, Sample Tracking and Security

Following proper chain of custody, tracking and security procedures is essential to maintain the
integrity and legal validity of your samples. Sample and shipper security measures ensure that the
samples were not tampered with before analysis. This can be very important if sample analytical results
come under legal scrutiny. Remember, any project and its data can face legal challenge.

Chain of Custody

Chain of custody records document a sample from collection, through handling, storage and shipment,
to final analysis. Such records and documentation include: labeling to prevent sample mixup; container
and shipper seals to prevent unauthorized tampering; and documenting who has custody of the samples
and when. Accurate records provide a legal record of sample handling, possession and security. If a
case is under enforcement action, failure to follow proper chain of custody procedures may cause
irreparable damage to a legal case.

A chain of custody record must be completed for each sampling event. Each time a sample, a set of
samples, or a sample shipper changes possession, the person relinquishing and the person receiving the
samples or shipper must sign, date and record the time on the chain of custody record. Appendix A and
B of the Groundwater Sampling Field Manual, PUBL- WR-168-96, include sample chain of custody
forms; however, many laboratories prefer to provide their own forms. Check with the WDNR program,
project manager and laboratory regarding proper chain of custody procedures and required records or
forms.

Note: If you place the chain of custody record in a sealed shipper, the courier (e.g.,
UPS) does not need to sign, date and time the record beforehand; however, couriers
should keep records of when they pick up samples and where they send them.

Sample Identification

Label samples to avoid misidentification. Use waterproof ink and securely attach labels to bottles, as
ice used to cool samples can smear ink and cause labels to detach. Storing samples in plastic bags will
help prevent these problems. Labels should include: 1) a unique sample number and Wisconsin Unique
Well Number (WUWN) if available; 2) site or facility name; 3) date and time sample was collected; 4)
sample collector's initials; 5) preservative added to the sample; and 6) the analysis required.



Chapter 2 - Sampling Procedures for Monitoring Wells

105

Sample Seals

Some projects require sealed samples to prevent unauthorized tampering. Sample seals are usually
required for enforcement samples. (See the following section, "Samples Requiring Strict Custody.")

Affix the seal to the sample container so that it has to be broken to open the container. The seal should
include the initials of the person sealing the container and the date and time the sample is sealed.

Shipping Custody Seals

Some projects require that the sample shipper, which is typically a cooler, be secured to prevent
unauthorized access and tampering of samples. If you use a lock, make sure that only authorized
personnel have access to the keys. If you use security tape, make sure that the tape must be cut or
ripped to open the shipper. Use nylon-reinforced or equivalent tape that cannot be tampered with
unnoticed. The tape should include the initials of the person sealing the container and the date and time
of sealing. Shipping seals are usually necessary when you are collecting samples requiring strict chain
of custody procedures. (See the following paragraph.)

Samples Requiring Strict Custody

Certain samples require strict chain of custody procedures (e.g., those collected as part of a WDNR
enforcement case) to ensure legal validity. Refer to Appendix C of the Groundwater Sampling Field
Manual, PUBL-DG-038-96, regarding strict chain of custody for enforcement and similar samples.
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3.0 SAMPLING PROCEDURES FOR
WATER SUPPLY WELLS

3.1 OBJECTIVES, PLANS, PREPARATIONS and DOCUMENTATION

Although preparations required for sampling groundwater from water supply wells may not be as
rigorous as those required for sampling groundwater monitoring wells, careful planning will help avoid
many of the common problems, errors and delays that can occur when sampling groundwater from
water supply wells.

3.1.1Data Objectives

Section 3 of this document and the accompanying Groundwater Sampling Field Manual, PUBL-DG-
038 96 focus on collecting raw, untreated groundwater samples from both public and private water
supply wells. In the broadest sense, raw, untreated groundwater samples are collected from water
supply wells to ensure compliance with ch. NR 140, Wis. Adm. Code., preventive action limits (PAL)
and enforcement standards (ES); to define the nature and extent of groundwater problems in
Wisconsin; and to define and sample potable wells at-risk from groundwater contamination.

The collection of water supply well samples to ensure compliance with ch. NR 809, Wis. Adm. Code
and the federal Safe Drinking Water Act (SDWA) are beyond the scope and intent of this document
and accompanying field manual. A water supply specialist or investigator from the Bureau of
Drinking Water and Groundwater in either the central office or one of the regional offices should be
contacted in respect to requirements, procedures and training necessary for collecting ch. NR 809 or
SDWA water supply well samples.

Regulatory Objectives and Requirements

The regulatory objectives of monitoring raw, untreated groundwater quality from water supply systems
fall under four broad categories: 1) management practice monitoring; 2) problem assessment
monitoring; 3) at-risk monitoring and 4) regulatory monitoring.

Management Practice Monitoring

Management practice monitoring activities are designed to evaluate the effects of management
practices (e.g., land use practices) that may cause groundwater contamination and ch. NR 140
groundwater standard exceedances. The primary goal is to monitor and evaluate management
practices that may cause groundwater contamination and to provide effective management
solutions to groundwater quality problems.
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Problem Assessment Monitoring

Problem assessment monitoring is intended to define the nature and extent of groundwater
quality problems in Wisconsin. It is monitoring to detect substances in groundwater and to
assess their significance in terms of type, concentration, movement and extent.

Because it is so expensive to construct wells for the sole purpose of problem assessment
monitoring (i.e., monitoring wells), problem assessment monitoring focuses on sampling existing
water supply wells and preferably existing, nearby monitoring wells. Construction and sampling
of monitoring wells is primarily left to "management practice monitoring" and "regulatory
monitoring," through which more resources can be focused on groundwater contamination
associated with a particular site, facility or practice.

At-risk Monitoring

At-risk monitoring is intended to define and sample at-risk potable wells in areas where
substances have been detected, have a reasonable probability of entering groundwater (such as
near a landfill) and in areas where PALs or ESs have been attained or exceeded. Because at-risk
monitoring and problem assessment monitoring focus on drinking water wells in affected areas,
it is difficult to discern when problem assessment monitoring ends and at-risk monitoring begins.
One of the obligations of WDNR's groundwater monitoring program is to provide resources for
sampling private domestic wells where there is a legitimate demonstrated concern that a domestic
well is at risk. This monitoring is used to evaluate whether contamination is significant enough to
warrant an investigation and, where possible, to trace the contamination back to its source and
clean up the problem if necessary or required.

Large water supply wells (see Section 3.3.1) have large diameters (e.g., 6 to 12 inch and greater)
and are typically open or screened over tens or hundreds of feet of aquifer. For this reason,
groundwater samples collected from large water supply wells represent an average concentration
of contaminants (or groundwater quality) over a large area of the aquifer. By the time a
groundwater quality problem is detected at a large water supply well, it may mean that a very
large area of the aquifer has been contaminated. Therefore, as an "early warning" and preventive
measure, at-risk monitoring of large water supply wells should be supplemented with monitoring
nearby small water supply wells (see Section 3.3.2) and preferably, nearby monitoring wells
hydraulically connected to the large water supply well.

Regulatory Monitoring

Regulatory monitoring is done to determine if PALs or ESs have been attained or exceeded and
to obtain information necessary to respond to contamination at a specific facility or site.
Regulated facilities and sites must monitor groundwater to determine if they are affecting
groundwater quality. Many monitoring requirements are contained in permits or administrative
rules and apply to solid waste sites, hazardous waste sites and wastewater treatment/disposal
facilities. Specific monitoring requirements are dictated by the WDNR programs that regulate
these sites and facilities.

WDNR's Bureau of Drinking Water and Groundwater monitors public water systems for
bacteriological, chemical and radiological groundwater quality problems. Samples are taken
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from public water supplies that rely on groundwater. Bureau staff also conduct special projects
to monitor private wells for chemical or radiological groundwater quality problems. Bureau staff
often collect samples near regulated facilities in order to define problem areas and advise well
owners of potential contamination risks. These activities fall under "problem assessment
monitoring" and "at-risk monitoring."

WDNR's Bureaus of Air and Waste Management and Remediation and Redevelopment monitor
groundwater quality surrounding regulated waste disposal facilities to determine their potential
effects on groundwater quality. This "regulatory monitoring" includes monitoring for both
organic and inorganic contaminants. It also includes monitoring at environmental repair sites,
hazardous waste sites, spill sites, LUST sites and Superfund sites.

3.1.2Sampling Plans

To monitor the quality of raw, untreated groundwater, the Bureau of Drinking Water and Groundwater
recommends that private wells, non-community wells and public water supply wells be sampled as
close to the well's pump as possible, before the water passes through any water softener, water heater,
storage or pressure system, or tank. This provides data on groundwater quality before it may be
affected by any treatment, distribution, or other water system.

To collect meaningful and valid raw, untreated groundwater data from water supply wells, in general, a
sampling plan should be created and consistently followed. Although WDNR does not require that a
sampling plan be created before collecting raw, untreated groundwater samples from water supply
wells, creating and following a sampling plan makes sense in many cases. A sampling plan is especially
important if a water supply well is to be sampled more than once or on a regular basis (e.g., quarterly
sampling a private well near a landfill). Section 2.1.2 specifies many of the items which may be
included in a sampling plan.

3.1.3Advance Preparations

Pre-field Work Procedures Checklist - Water Supply Wells

The following checklist should help you conduct a smooth, effectively prepared water supply well
sampling program for your project. This checklist, in abbreviated form, is also included in Appendix B
of the Groundwater Sampling Field Manual, PUBL-DG-038 96.

All of the following procedures may not be necessary for each sampling event. Use those procedures
applicable to your sampling plan or customize this list as appropriate:

Logistics

1. Contact the well owner or operator to confirm the sampling date and time and to discuss
any site access issues (e.g., keys to a gate, location of sample tap). Remember to explain
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the procedures you will be following and ask permission to chlorinate the well after taking
measurements.

2. Determine if the well has been inventoried. If not, obtain a WDNR well inventory number
(Wisconsin Unique Well Number - WUWN).

3. Locate the nearest post office, UPS office, Fedex drop off spot, etc., if you will need to
mail the samples from the field. (UPS has a 70 pound weight restriction per container.)
Make sure you have proper shipping materials (e.g., sufficient ice to cool samples to 4oC
throughout the shipping process).

Laboratory Arrangements

1. Select a laboratory to perform the sample analysis. Pay careful attention to the laboratory
selection process. Selection based on price and turn-around alone may doom the project.
Evaluate quality objectives for the project and laboratory analyses. Evaluate reporting
requirements and other considerations specific to the project. Check that the laboratory
(and subcontracted laboratory) is certified or registered under ch. NR 149 to perform the
required sample analysis. Check that the laboratory will follow the proper analytical
methods and can meet required limits of detection.

2. Discuss with the laboratory who will supply what sample containers. If the laboratory will
supply some or all of the containers, make arrangements for delivery of the number and
type needed - get extras! Don't forget QA/QC sample containers and trip blanks if VOC
samples will be collected. Appendix C of the Groundwater Sampling Field Manual,
specifies container types and provides recommendations on the minimum sample volumes
for a variety of analytical parameters.

3. Discuss sample preservation, holding time and shipping requirements with the laboratory.
Some laboratories provide preservative already in sample containers, or in other containers
(e.g., ampules) that you can later dispense into the sample containers. Discuss QA/QC
expectations and the type of information that should accompany analytical results (e.g.,
LOD and LOQ data).

4. Inform the laboratory of the date and number of samples you will send. This will help the
laboratory prepare for analyzing your samples and meet sample holding times.

5. Familiarize yourself with chain of custody and other sample tracking procedures.

6. Discuss any other procedures required by the laboratory (e.g., noting gross sample
contamination, field turbidity readings if metal samples are to be analyzed). Some
laboratories request previous analytical results for each well to help them determine
appropriate sample dilutions up front.

Site History

1. Review past water quality and sampling data. This will help you determine the well
sampling order, which should be least-to-most contaminated, and what types and
concentrations of contaminants to expect in each well.
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2. Review the site's hydrogeology and any information available on the well such as its exact
location, depth, top of casing elevation, casing diameter and other construction
specifications. Previous WSFSs may already have this information recorded.

Note: Copies of most well logs are available from the Wisconsin Geologic
and Natural History Survey, 3817 Mineral Point Road, Madison, WI 53705-
5100. For well constructor's reports call (608) 262-7430; for geologic logs
call (608) 263-7387. At a minimum they will need township, range, section
and quarter section location for the well. Order well logs, well constructor's
reports and geologic logs far in advance of sampling the well.

Equipment and Field Preparation

1. Review the sampling plan if required or appropriate.

2. Organize equipment at least one day before the scheduled sampling day. Refer to
Appendix B of the Groundwater Sampling Field Manual and use the "Equipment
Checklist - Water Supply Well Sampling," or customize your own equipment checklist.

3. Check that sampling equipment is in good working condition:

ü Test and recharge/replace batteries as necessary.
ü Test the equipment with tap water or calibration standards.
ü Inspect the equipment for defects, loose bolts, frayed wiring, etc.
ü Check the instruments' ability to calibrate and function properly.

4. Check that all equipment is properly decontaminated and stored for transport (see Section
2.10).

Equipment Checklist - Water Supply Well Sampling

A complete water supply well sampling equipment checklist is included in Appendix B of the
Groundwater Sampling Field Manual, PUBL-DG-038 96. All items included in the checklist may not
be necessary for each sampling event. Modify and customize this list as necessary and appropriate.

Coordination with the Well Owner

Inform well owners or operators at least 24 hours in advance of your plans to collect measurements and
samples from their wells. If you are sampling a private or domestic well, call the well owner at least one
week in advance. Explain what you plan to do and why and the basic procedures you will follow to
collect measurements and samples.

Note: If it is necessary to pull a well owner's pump, arrange to have this done far in
advance. A licensed well driller should remove and replace the pump. Pulling a
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well's pump is an expensive, disruptive and time consuming process and should be considered as a last
resort for obtaining information and measurements on a well.

When requesting permission to sample a domestic (private) well, remember that the well owner may
hesitate to grant you permission and may view your actions as an invasion of privacy. A clear, non-
technical explanation of what you are doing and why can usually put a well owner at ease. WDNR has
many brochures on VOCs, nitrate, lead, radon, etc., that can help the well owner/operator better
understand why samples are being collected.

Whenever possible, try to work around a well owner's schedule if you need to enter a home or facility to
collect samples. Be sure to ask the well owner or operator if it is all right to add chlorine to the well for
disinfection after taking measurements. Explain why disinfection is essential and describe the
disinfection method you propose to use. If the owner rejects having the well disinfected, do not take
any measurements; however, you may still collect samples if the owner gives you permission. If
measurements on a well are crucial, ask your program supervisor and/or someone in the Water Supply
program to talk to the well owner to further explain the necessity of the measurements and of proper
disinfection.

If the well owner/operator agrees to allow you to sample, ask for the exact location of the well and
sampling tap. Arrange with the well owner or operator for access to the property, well and sampling
tap.

It is often much easier to coordinate the sampling of municipal wells versus private wells because
municipal wells are usually sampled fairly regularly. These wells typically have taps for collecting
water quality samples.

Coordination for sampling irrigation or industrial supply wells may be easy or difficult depending on
the well's pumping schedule, access, and whether a sampling tap exists. Coordinate with the well owner
or operator far in advance of sampling to avoid problems, misunderstandings and delays.

Initial Coliform Bacteria Testing

Before performing any tasks on a water supply well, collect a water sample from the well for coliform
bacteria analysis using proper sampling procedures. This sample will indicate whether coliform
bacteria were present in the well before measuring.

Wisconsin Unique Well Number (WUWN) Labeling Procedures

Since January 1, 1988, WDNR and other state agencies have been assigning Wisconsin Unique Well
Numbers (WUWN) to private water supply wells. Assigning WUWNs allows WDNR to provide well
owners with water quality information over the life of an individual well. The WUWNs are assigned
during sampling and inspection of wells or automatically at the time of well construction for which the
driller fills out a Well Construction Report form. If the private well owner consents, wells with
WUWNs are labeled at the fuse box and sampling tap.

WDNR maintains a consolidated list of wells with assigned WUWNs. It is absolutely imperative to
ensure that each well has only one WUWN assigned to it! This well inventory list consists of pre-1988
constructed wells that have been inventoried and is maintained by the Bureau of
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Drinking Water and Groundwater. Also included are records from the Well Construction Report file
(WCR), which the bureau also maintains and which includes wells constructed on or after January 1,
1988. This consolidated list, which includes those wells with assigned WUWNs, is available from the
Bureau of Drinking Water and Groundwater in Madison by calling (608) 266-0821, or by calling a
water supply specialist/investigator in one of WDNR's regional offices. Be sure to request a current
list.

There are three types of WUWN labels. Printronix labels are computer-generated WUWN labels
assigned to wells constructed on or after January 1, 1988. The assigned number comes from the WCR
form the well driller sends to WDNR. After the label is generated, it is sent to the well owner, who then
decides if he or she wants to put the label on the fuse box and sampling tap. Because this is a voluntary
program, some wells with a WUWN are not labeled.

Blank labels are used for wells with an assigned WUWN when no labels have been affixed. A
waterproof marker is used to write in the assigned WUWN. All wells constructed on or after January 1,
1988 have an assigned number. Some older wells sampled by WDNR or others may also have a
WUWN. The well owner may have a copy of the WCR or sample report form listing this number.

Preprinted labels come in sheets of six and resemble a license plate sticker. They are used only if no
WUWN has been assigned. Check the consolidated inventory list and try to determine if the well was
previously assigned a number before using a preprinted label. If you assign a new WUWN, you must
fill out a Groundwater Monitoring Inventory form. These forms can be obtained from the Bureau of
Drinking Water and Groundwater and are included in Appendix B of the Groundwater Sampling Field
Manual. Unless specifically directed to send them elsewhere, return completed forms to the bureau at
P.O. Box 7921, Madison, WI 53707-7921.

3.1.4Documentation

Carefully documenting a project's monitoring and sampling data and procedures is essential.
Documentation provides a permanent record of data collected, equipment and procedures used,
sampling personnel, and problems that have occurred at a site. This information will help ensure that
water quality data has been consistently collected and that deviations in monitoring and sampling
procedures are noted for later data evaluation. Careful documentation also helps protect a project's data
from legal scrutiny.

1. Sampling Plan. This plan should document the equipment and procedures used during a
sampling event. All sampling personnel should read it before heading out to the field and
should bring it to each sampling event. Document any deviations from the plan on the
"Groundwater Sampling Field Procedures Documentation" sheet included in Appendix B
of the Groundwater Sampling Field Manual, PUBL-DG-038 96.

2. Well Specific Field Sheet - Water Supply Wells. Document general well information,
purging and sampling information, and measurement and samples collected from a well on
the "Well-specific Field Sheet - Water Supply Wells." Or, customize your own data sheet.



Chapter 3 - Sampling Procedures for Water Supply Wells

113

3. Groundwater Sampling Field Procedures Documentation. If you do not have a
sampling plan to document your procedures, you may use the "Groundwater Sampling
Field Procedures Documentation" sheet included in Appendix B of the Groundwater
Sampling Field Manual. Customize this sheet to meet your specific needs.

4. Groundwater Monitoring Inventory Form. Complete this form if a well has not
previously been monitored to document information to be entered into WDNR's
computerized data base.

5. Assigning a Wisconsin Unique Well Number (WUWN) and Well Labeling. All water
supply wells must be documented by having a WUWN assigned to them. Every well must
have only one WUWN. Water supply specialists/investigators at WDNR regional offices
should be able to tell you which water supply wells already have WUWNs.

6. Chain of Custody Form. Document the possession of samples collected from water
supply wells by completing a chain of custody form and documenting every time the
samples change possession.

3.2 MEASURING WATER LEVEL, CASING DEPTH AND WELL DEPTH

Measure the water level, well casing depth and total well depth after receiving training from someone
with experience in proper procedures. If available, use a well constructor's log to obtain casing depth
and total well depth information. If this information is not available, you may need to remove the well's
pump, if the well owner permits, before attempting any measurements. Use extreme care so as not to
damage or contaminate the well or pump. A licensed well driller, arranged for far in advance, should
remove and replace the pump.

Before taking any measurements on a well, ask the well owner/operator to turn off the pump. This is
for your personal safety and to protect the pump from any equipment lowered into the well. Make sure
the well and wiring are not damaged when taking measurements.

3.2.1Disinfection Procedures

Properly disinfecting the well before and after collecting measurements is essential to avoid
contaminating the well.

Pre-disinfection Procedures for Measuring Equipment

Before placing any equipment into a well, properly disinfect the equipment. This will help prevent
coliform bacteria, iron bacteria and other contamination from entering the well. Rinse all
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equipment parts inside and out with a dilute chlorine solution; use two capfuls of liquid chlorine
bleach, with no additives, to one gallon of water.

If there are no inside parts that may become contaminated (e.g., water level indicator, weighted
magnetic tape, etc.,), a clean cloth or paper towels soaked in a dilute chlorine solution is acceptable to
sterilize the equipment. Do not use towels more than once. You may also use a clean plant spray bottle
or laboratory squirt bottle filled with chlorine solution to disinfect equipment.

Decontaminate equipment each time you place it into a different well. In addition, if you insert a
measuring device into a well, take it out, and then want to reinsert it back into the same well, disinfect it
again first.

Post Disinfection of a Well after Measurements are Taken

Properly disinfect a well after any piece of equipment enters it. Remember to inform the well owner of
which disinfection method(s) you will use.

There are no formal standards for determining proper concentrations of chlorine solution to use for
chlorinating wells as a preventive measure. A 50 parts per million (ppm) chlorine solution should be
adequate for chlorinating wells as a preventive assurance method. One gallon of liquid chlorine bleach,
with no additives, mixed with 1,000 gallons of water approximately equals a 50 ppm chlorine solution.
Use a sodium or calcium hypochlorite solution. You may use chlorine bleach in a pure state, provided it
does not contain any additives such as "fresh scent."

Well Disinfection after Water Level Measurements

Measuring a well's water level usually only affects the first few feet of water. Therefore,
disinfection procedures are designed to decontaminate only the upper portion of the water
column. Refer to Section 3.3 of the Groundwater Sampling Field Manual.

Well Disinfection after Casing Depth and Total Well Depth Measurements

If you measure the well casing depth, the disinfection method you use will depend upon how far
you lower the magnet below the water level. Use your professional judgement. If you are unsure
how much of the well to disinfect, disinfect the entire well.

If you measure total well depth, disinfect the entire well. The amount of chlorine solution added
to the well will depend upon the inside casing diameter, well depth, and amount of water in the
well. If you do not know the amount of water in the well, add a minimum of 100 gallons of
chlorine solution.

Drive Point Wells

If you need to measure the water level or well depth in a driven point well, hire a registered pump
installer to disconnect and reconnect the piping. After collecting the necessary measurements,
disinfect the well according to the procedures described above.
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Discharge of Chlorinated Water

Unfortunately, there really isn't a good place to discharge the chlorine solution that comes out of the
well and faucets. Probably the best place is onto a driveway or other paved area, preferably on a hot,
sunny day so the solution can evaporate. Do not discharge chlorinated solution directly into a lake,
stream, wetland, lawn, garden, septic system, or sanitary or storm sewer.

3.2.2Measuring Water Level

Water level measurements taken from water supply wells can provide valuable information on
groundwater flow directions and hydraulic head data. However, for water level measurements to be
comparable among wells, the wells should be of similar construction and be open to or screened in
hydrogeologically-connected and similar geologic units and formations. If the hydrogeology,
stratigraphy and well construction for wells in an area are unknown, correlating water levels and
hydraulic head measurements among these wells can be misleading and incorrect.

Figure 25 illustrates a lineshaft turbine pump, common for municipal water supply wells, equipped
with a water level measuring gauge. If a municipal well pump is not equipped with a water level
measuring device (e.g., gauge), then it may be impossible to take a water level measurement on the
well.

For domestic wells, you may have to lower a water level measuring device into the well to collect
measurements. Exercise caution when removing the well cap and lowering measuring equipment to
guard against damaging the well and well cap and contaminating the well. Figure 26 illustrates some
typical examples of sanitary well seals. If the well has a pitless adaptor (see Figure 27), it may be
impossible to get the water level measuring equipment past it.

Section 2.2 discusses a variety of water level measuring devices, their accuracy, and how to use them.

General Water Level Measurement Procedures

Take a series of water level measurements to determine if the well is still recovering. Take at least three
consecutive readings separated by one or more minute intervals and make sure your readings are within
± 0.01 foot (± 0.25 cm) of each other.

If taking a water level measurement to determine groundwater elevations, mark the side of the casing
where the water level was measured to provide a reference point for surveying the well.

3.2.3Measuring Well Casing Depth

If well casing depth or total well depth measurements are required, it is advisable to coordinate pump
removal far in advance. Make sure the owner grants permission before you attempt to remove the well's
pump. If the owner does not agree or the pump cannot be removed, obtain a copy of the well
construction and geologic log, if available, to obtain this information. Copies of well logs for most
wells constructed in Wisconsin are available from the Wisconsin Geologic
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Figure 25: Line-shaft turbine pump (s. NR 812.33, figure 39 - modified, p. 213, 1994).
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Figure 27: Pitless units: a) factory-assembled spool pitless unit installation, left; and b) two non-spool type
pitless units, right (s. NR 812.31, figure 26, modified, and 27, p. 195, 1994).
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and Natural History Survey, 3817 Mineral Point Road, Madison, WI 53705-5100. For well
constructor's reports call (608) 262-7430; for geologic logs call (608) 263-7387. Be ready to provide
the township, range, section and quarter section location for the well.

Typically, casing depth is measured by lowering a weighted magnet attached to a tape down the well's
steel casing. When the magnet slips off the end of the casing, this indicates the length of the casing.
You can also measure well casing depth with a caliper log or a television camera. However, this
equipment is expensive and normally not designed for small diameter wells. Refer to equipment
manufacturers' instructions regarding the use and limitation of their devices.

3.2.4Measuring Total Well Depth

Measure total well depth with a weighted steel tape or weighted synthetic cord calibrated and marked to
tenths of a foot. Any tape or cord should have very little or no stretch under tension. Do not use cotton
or cloth cords; they stretch too much and cannot be properly decontaminated.

3.2.5Post Disinfection Coliform Testing Procedures

Use post disinfection coliform testing for testing the success of the disinfection procedures used on the
equipment and well. After the system is completely free of any chlorine smell and taste and after
waiting several days to a week, collect a post disinfection coliform sample to check for the presence of
bacteria. You may need to use a thiosulfate sample bottle because there may be a chlorine residual in
the well. Properly-trained well owners, WDNR staff, local health staff, or other trained professionals
may collect these samples.

If the post disinfection test for coliform bacteria is positive, a "batch chlorination" may be necessary.
Batch chlorination consists of a chlorine solution with a chlorine concentration of approximately 100
ppm or greater. If either the initial coliform test or the post disinfection coliform test is positive for
bacteria, immediately contact a WDNR drinking water specialist/investigator for further instructions.

3.3 PURGING AND SAMPLING PROCEDURES

Potable water supply systems typically include public water supplies and their distribution systems and
private water supplies with single unit plumbing. Non-potable water supply wells include irrigation
wells and industrial wells. Potable and non-potable water supply well construction and pump
installation are regulated under ch. NR 812, Wis. Adm. Code.

The reasons for purging a water supply well before sampling are the same as those for purging
monitoring wells before sampling (see Section 2.5.1); however, the procedures for purging a water
supply well are different because you usually do not have direct access to the well. Purging a water
supply well before sampling will remove the stagnant water that has been in contact with the well
material, pump, plumbing and distribution system.

3.3.1Large Water Supply Systems (i.e., public water supplies with distribution systems)
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Large water supply systems usually service a community or municipality and commonly have an
extensive distribution system. To collect raw, untreated groundwater samples from large water supply
systems, collect samples from the sample tap or faucet nearest the pump (Figure 25) and located before
any treatment, storage or pressure systems.

Make sure the pump is running and water is flowing from the sampling tap for at least one minute,
preferably for five or more minutes, before collecting any samples. Record how long the pump was
running and how long water was flowing from the sample tap before collecting your samples. Draw a
diagram showing where the sample tap is located with respect to the well and any treatment, storage or
pressure system.

3.3.2Small Water Supply Systems (i.e., private water supply and distribution systems)

Sample private and non-community wells as close to the well's pump as possible; preferably before the
water passes through any softener, heater, storage or pressure system, or tank. A sample tap is usually
located just before the pressure tank. Remove any aerators, filters or other devices from the tap before
collecting samples. If you must collect the sample from an outside tap, remove any hoses.

Sampling Tap Located Before the Pressure Tank

If you collect the sample from the well side of the pressure tank and treatment systems, make sure the
pump is running and flowing from the sample tap for at least two minutes before collecting any
samples. Draw a general diagram of where you collected the samples if appropriate.

If it is difficult or impossible to purge the system from the sampling tap before the pressure tank,
choose a sample tap after the pressure tank but still closest to the well, such as a laundry sink faucet.

Sampling Tap Located After the Pressure Tank

If the sampling tap is located after the pressure tank, allow the water to run for at least five minutes and
to become cold before collecting any samples. This should allow the stagnant water to be flushed out of
the pressure tank and be replaced by freshly pumped water. For large pressure tanks, a longer waiting
period may be necessary. Either calculate the necessary flushing time based on the pressure tank
volume and purging flow rate, or allow the pump to cycle at least two or three times and wait until the
water is cold before collecting your samples.

Document that you collected samples located after the pressure tanks. Record the purging time, tap
location, and time of collection. Draw a diagram of where you collected the samples.

3.4 FIELD WATER QUALITY MEASUREMENTS

Perform in-field water quality measurements on unfiltered samples according to the procedures



Chapter 3 - Sampling Procedures for Water Supply Wells

121

specified in Section 2.7 of this document and Section 2.6 of the Groundwater Sampling Field Manual,
PUBL-DG-038 96. For discussion of calcium carbonate saturation indices, see below.

Calcium Carbonate Saturation Indices

You can use calcium carbonate (CaCO3) saturation indices to estimate the scale-forming (precipitate)
and scale-dissolving tendencies of water. Estimating this ability of water can be useful for preventing
scaling in water heaters or exchanger pipes and for corrosion control. Saturation indices represent the
dividing line between "scaling likely" and "scaling not likely." According to Standard Methods, 19th
Ed., 1995, the minimum parameters that must be measured to accurately calculate CaCO3 saturation
indices include total alkalinity, total calcium, pH, temperature and ionic strength by conductivity or
total dissolved solids measurements. Standard Methods, 19th Ed., 1995, recommends that alkalinity
samples not be filtered, diluted, concentrated or altered. Refer to the most recent version of Standard
Methods for the calculation, interpretation and limitations of saturation indices.

Case Study

Shaver (1993) provides a detailed discussion on the differences in results of field versus
laboratory alkalinity and pH and their effects on ion balance and calcite saturation indices.
Shaver concluded that laboratory results can provide positive- and negative-biased results for
alkalinity and pH that significantly distort the true distribution of calcite saturation indices found
in an aquifer. Shaver indicates that he used a field alkalinity method using a sulfuric acid titration
to a pH end-point of 4.5 that provides field bicarbonate results accuracy estimated at ± 10 mg/L.
Besides titration methods, alkalinity can also be measured in the field by sensor measuring
equipment.

3.5 SAMPLE FILTRATION

Do not filter samples collected from water supply wells; however, filtration may be appropriate if the
samples are being used to model the geochemistry of an aquifer or when you are performing problem
assessment monitoring.

3.6 SAMPLE COLLECTION, PRESERVATION AND HANDLING

Section 2.6 details recommendations for collecting groundwater samples. Most of the principles and
procedures discussed apply to the collection of groundwater samples collected from water supply wells.

As when collecting groundwater samples from monitoring wells, collect samples and fill sample
containers in a manner that minimizes sample alteration. Unless project objectives or regulatory
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requirements require otherwise, remove aerators, filters or other devices from a sampling tap before
collecting water supply well samples.

3.6.1Volatile Organic Compounds (VOCs)

Refer to Section 2.6.3 for details on the properties of volatile organic compounds (VOCs) and
precautions related to their collection.

Filling VOC Containers

When practical, store empty VOC containers on ice until you use them; this will minimize the loss of
VOCs when you fill the containers. Open only one container or one set of containers at a time to
minimize exposure of VOC samples to extraneous VOC contamination. After you open a VOC
container, add preservative to the empty container, if you haven't already done so. The acid preservative
inhibits biodegradation of the VOCs in the sample.

If the sampling tap has an aerator, filter or other device, remove it before sampling. These devices can
cause significant aeration and loss of VOC samples. If there is a device on the sampling tap that cannot
be removed, be sure to document this. Purge the well as described under Section 3.3 before collecting
VOC samples.

When filling VOC containers, tip the container at a slight angle and allow a slow steady stream of
water to run down the inner wall of the sample container. This will minimize the agitation, aeration and
volatilization of VOCs during filling. Fill VOC containers until a positive meniscus forms at the top of
the container (see Figure 21); this should leave no headspace, or airspace, in the container. If airspace
remains, VOCs in the water can volatilize to this space and be lost when the container is opened before
analysis.

After filling a VOC container and replacing the cap, invert the sample and tap it lightly to check for
bubbles. If bubbles are present, discard this sample and fill additional vials. If bubbles are unavoidable,
collect numerous samples and save the ones with the fewest bubbles. Remember, one trip blank is
required per VOC sample batch (cooler).

3.6.2Semi-volatiles and Pesticides

Refer to Section 2.6.4.

3.6.3Other Sample Parameters

Refer to Section 2.6 regarding collection procedures for inorganics (i.e., dissolved metals), major and
minor ions, and other sample parameters. One procedural exception is that water supply samples are
not filtered; therefore, do not filter dissolved metal samples collected from water supply wells.
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3.6.4Sample Containers and Preservation

Refer to Section 2.9.1 for information on sample containers and preservatives for a variety of common
parameters and substances.

3.6.5Sample Handling and Storage

Refer to Section 2.9.2 for information on handling, storing and transporting samples.

3.7 QUALITY ASSURANCE/QUALITY CONTROL

Use the quality assurance and quality control procedures and requirements described in Section 2.10 to
ensure the integrity of the samples you collect. Consult with a WDNR water supply specialist if
different QA/QC procedures are required or requested.
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4.0 VADOSE ZONE SOIL-WATER MONITORING

4.1 INTRODUCTION

The vadose zone, commonly referred to as the unsaturated zone, is the subsurface area that extends
from the ground surface to the water table surface. The vadose zone includes the capillary fringe where
the soil and geologic material may be saturated; this is why the term vadose zone is preferred over
unsaturated zone. In addition, perched groundwater may also exist within the vadose zone.

In Wisconsin, the thickness of the vadose zone is commonly less than 50 feet (15 meters). In the
western United States, the vadose zone may extend to several hundred feet deep. A complete discussion
of vadose zone monitoring is beyond this document's scope; however, some of the more salient aspects
are covered.

Soil water samples are commonly collected to monitor the performance of a facility (e.g., landfill).
These samples can act as an early warning system that contamination is moving through the vadose
zone and may intersect and affect groundwater quality. WDNR may require vadose zone monitoring
beneath a regulated facility, commonly a landfill, to provide early detection of contamination before it
reaches groundwater. The advantages of early contaminant detection are both environmental and
financial. Operational systems may be modified to prevent or minimize further releases of the
contaminant to the soil, thus preventing or minimizing extra compliance monitoring and the potential
expense of remediating contaminated groundwater.

When a contaminant leaks from a landfill or is spilled on the land surface, it migrates downward
through the vadose zone under the forces of gravity, surface tension and capillary action. To determine
the chemical composition and monitor the soil-water quality in the vadose zone, a soil-water sample
must be collected. However, soil-water is held in the vadose zone under tension between the soil and
water and therefore, a suction or vacuum must be applied to the soil-water to extract a sample.

4.2 LYSIMETERS AND FREE DRAINAGE SAMPLERS

Suction or vacuum lysimeters are devices commonly used for collecting soil-water contained in the
vadose zone. Collection basin lysimeters or percolation lysimeters allow the free drainage of soil-water
into a collection basin from which a sample may be recovered.

4.2.1Technical Considerations

Choosing appropriate soil-water sampling equipment for a particular project and site conditions
depends on many factors. Some include:
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n Type, characteristics and constraints of the soil from which soil-water samples are collected.
n Chemistry and stability of the soil-water being sampled.
n Depth below the ground surface from which samples are collected.
n Soil-water flow regimes in the vadose zone.
n Volume of the samples required.
n Reliability, durability, availability and cost of the equipment.
n Installation requirements of the sampler and associated site constraints.
n Ease of operating and repairing the equipment under field conditions.
n Equipment operation limitations and difficulties due to climate.
n Degree of sample alteration due to sampler operation.

4.2.2Suction (or Vacuum) Lysimeters

Suction or vacuum lysimeters consist of a hollow porous cup typically located at the end of a hollow
tube. When you operate them, a suction or vacuum draws soil-water into the cup. After a sufficient
volume of soil-water has entered the lysimeter, you either apply a suction or a positive pressure to bring
the sample to the surface through the tubing.

In theory, an applied suction should be able to lift water up to 32 feet (10 meters); however, in practice
anywhere from 15 to 25 feet (4.5 to 8 meters) is the upper limit of a suction lysimeter's effectiveness.
Figure 28 illustrates a simple, easy to operate, low pressure-vacuum lysimeter. This device commonly
has a maximum operational depth of approximately 50 feet (15 meters). Pressure-vacuum lysimeters
that have a low bubbling pressure porous section (made of PTFE such as Teflon®) have a maximum
operational depth of approximately 150 feet (45 meters). High pressure-vacuum lysimeters have a
maximum operational depth of approximately 300 feet (90 meters). High pressure vacuum lysimeters
have a check-valve in a transfer tube (see Figure 29) or a separate chamber between the porous section
and sampler casing.

Collecting Soil-water Instead of Sucking Air

When you use a suction or vacuum lysimeter, make sure the device is collecting soil-water, not just
sucking air. The maximum suction pressure that a saturated porous section of a sampler can withstand
before air enters is a function of the pore configuration and pore size and the degree of hydrophilicity
(water-loving) and hydrophobicity (water-hating) of the porous section. The maximum suction pressure
for a sampler is commonly measured by its "bubbling pressure." Bubbling pressure is commonly
measured by saturating the porous section of the sampler, immersing it in water and applying positive
air pressure to the inside of the porous section. The pressure at which air starts bubbling out of the
section and into the water is its "bubbling pressure." The bubbling pressure is a good indicator of a
sampler's ability to collect a soil-water sample under various soil conditions (ASTM Method D 4696 -
92).

Soil-water tension will also have a profound effect on the ability of a suction lysimeter to collect a soil-
water sample. The dryer the soil and the lower its hydraulic conductivity, the more slowly soil-water
will flow into a sampler. Soil-water tension above approximately 60 centimeters of barometric pressure
(cbar) for coarse-grained soils and above approximately 80 cbar for fine-grained soils will not allow
soil-water to enter a suction lysimeter (ASTM Method D 4696 - 92).
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Figure 28: Suction or vacuum lysimeter and installation.
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Figure 29: Deep sampling lysimeters (Courtesy of TIMCOTM).
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Suction lysimeters can be modified so that a vacuum is applied to draw the soil-water sample into the
lysimeter and then a positive pressure is applied to force the sample up the sample tubing or discharge
line. The type, design, material, installation and operation of pressure-vacuum lysimeters vary greatly.
A complete discussion of lysimeters is beyond this document's scope.

Installation, 0peration and Materials

Detailed instructions on the installation, operation and material of specific suction lysimeters and
their operation is beyond this document's scope. However, some basic considerations apply to
the installation of most types of suction lysimeters. These devices should be installed to a depth
that prohibits freezing and damage associated with frost heaving. Line and connection leaks can
be minimized by proper sealing and pressure testing before installation. According to Wilson
(1991), in order for a suction lysimeter to function properly, it must be carefully constructed and
installed.

Before installation, clean the porous ceramic cup section of a suction lysimeter with a 10 percent
hydrochloric acid solution followed by a distilled water rinse. This pre-cleaning before
installation should remove dust and trace metals that are common artifacts of the manufacturing
process.

U.S. EPA (1986b) provides detailed installation instructions for a variety of suction lysimeters.
The manufacturer's of these devices should provide detailed instructions related to the
installation, operation and limitations of their instruments.

Sample Results

If you collect a sample from a lysimeter over a short period of time (< 1 day), the sample results will
represent a grab sample. However, if a suction is applied to the sampler over an extended period of
time (days, weeks, etc.), then the results will be more representative of a time-composite sample.
Interpretation of lysimeter data is complex and beyond this document's scope; however, lysimeter
data's greatest uses are facility performance, early leak detection and contaminant trend analysis.

4.2.3Free Drainage Samplers

Free drainage samplers are also called collection basin lysimeters, trench lysimeters or percolation
lysimeters. For these devices to work, soil-water or leachate must enter the device by force of gravity.
Collection basin lysimeter samplers commonly consist of a synthetic material placed horizontally to
collect the leachate, a perforated collection pipe and a non-perforated transfer pipe connected to a
sampling chamber (see Figure 30). The design and installation of gravity style samplers vary greatly –
a detailed discussion is beyond this document's scope.
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Figure 30: Corss-section of a collection basin lysimeter.
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4.2.4Additional References

American Society for Testing and Materials Standard Guide for Pore-Liquid Sampling from the
Vadose Zone, ASTM Method D 4696-92, provides a detailed and thorough discussion and guidance on
the operating principles, descriptions, installations (limited information), operations and limitations for
a wide variety of soil-water sampling devices used in vadose zone monitoring. An extensive list of 143
references related to soil-water sampling is also included at the end of this guide.

Other useful publications and articles that discuss soil-water sampling devices and vadose zone
monitoring programs include: Wilson L.G., (1981, 1982, 1983 and 1990); Wilson L.G. et al., (1995);
Wilson N., (1995); Everett et al., (1982 and 1984); Merry et al., (1986); and Morrison (1983).



131

APPENDIX A: PURGING AND SAMPLING TECHNIQUES - LITERATURE REVIEW AND
EVALUATION

A variety of purging techniques and procedures have been presented in various articles and books. Most
authors conclude that the best method for purging a well is often site-, well- and contaminant-specific. No
single method appears appropriate for all wells in all hydrogeologic settings or for all contaminants being
collected. Well construction, well performance, contaminants being collected, and aquifer hydrogeologic
properties should influence your decision on which purging technique is best-suited for a particular well.

Purging a Specified Number of Well Volumes

Historically, WDNR has recommended that wells be purged by removing four well volumes before
sampling. A well volume equals the amount of water in the well casing and screened portion of the well
at static water level conditions. Water existing in the filter pack is not included.

Although it is impossible to establish a specific number of well volumes that will always remove all
stagnant water from all wells, the removal of four well volumes does remove most stagnant water in
most wells under most conditions. Maltby and Unwin (1992) conducted several studies of stagnant
water removal using different pumps and pump inlet locations in experimental wells. They found that
when a peristaltic pump inlet was placed near the static water level and the well purged at 1 L/min, only
1 percent of the original stagnant water remained after four well volumes had been removed. Other
authors have concluded anywhere from one to 20 well volumes need to be purged until a well is ready
to be sampled; the average number seems to be three to five well volumes.

Advantages of removing a specific number of well volumes

n It is simple, consistent and quick to calculate.
n It may be the only practical means for determining purge volumes when bailers are used.
n Purging four well volumes removes most stagnant water in most wells under most

conditions.

Limitations of removing a specific number of well volumes

n There is no guarantee that all the stagnant water has been removed; purging may be overly
conservative in some cases, insufficient in others.

n Large purge volumes may be necessary, especially in large diameter and deep wells.
n It may promote continual development and over-development of a well.
n Removing four well volumes is not well-specific or site-specific; it is arbitrary.
n Because high purging rates are typically used, sample turbidity may be artificially high.
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Low-Flow Pumping and Monitoring Indicator Parameters for Stability

This approach involves purging the well at a low-flow rate (1 L/min or less) and monitoring indicator
parameters such as conductivity, dissolved oxygen (DO), turbidity, pH, temperature and Eh until their
measurements have stabilized. Ideally, the well should be purged at a rate at or below the well's
recovery rate to simulate the natural flow conditions of the aquifer and minimize sample turbidity.

After the indicator parameters stabilize and purging is completed, the pumping rate is decreased to
initiate low-flow sampling (300 ml/min or less). Under most circumstances the decrease in pumping
rate during sampling will allow the well to slowly recover, thus further reducing the chance that any
remaining stagnant water in the well will be incorporated into the sample. Changing pump placement
during sampling or using inflatable packers can also help reduce the chance that any remaining
stagnant water will be incorporated into the sample stream.

The following research, studies and articles support the use of low-flow purging and low-flow
sampling technique: Gibs and Imbrigiotta (1990), Barcelona et al., (1994, 1988, 1985a), Puls and
Powell (1992), Puls and Eychaner (1990), Puls (1994), Panko and Barth (1988), Robin and Gillham
(1987), Kearl et al., (1992), Parker (1994), Miller (1993), Bangsund et al., (1994) and USEPA (1992).

Indicator parameters and stability

The tricky part to using this purging method is determining which indicator parameters best "indicate"
when the stagnant water in the well has been removed and when fresh formation is the only water
entering the sample stream. In addition, determining which ± range or which percent change in
indicator parameters represents "stability" is not an easy task.

Barcelona et al., (1994) considered that water quality stability was reached when the following four
indicator parameters met the following criteria over one successive bore volume: temperature ± 0.1 Co,
pH ± 0.10, dissolved oxygen ± 0.2 mg/L and conductivity of ± 10.0 µS/cm. A bore volume equaled the
water included in the filter pack, screen and casing of the well. To develop their well stability criteria,
the authors looked at various stability criteria recommended in the literature (Gibb et at., 1981,
Barcelona et al., 1985 and Gibs and Imbrigiotta, 1990), including hydrogeologic setting, well design
and the well's hydraulic performance. Their results indicated that dissolved oxygen and specific
conductance were the most useful parameters for indicating stabilization of background water
chemistry during purging; while pH and temperature achieved stable values almost immediately and
provided little value in determining when purging was adequate. Purging and sampling flow rates were
maintained at 1.0 ± 0.1 L/min (sampling flow rates were reduced even more when VOC samples were
collected). In almost all cases, indicator parameter stabilization was reached within two bore volumes
purged. In addition to considering parameter stability, drawdown was targeted not to exceed 0.5 feet
(15 cm) during purging and sampling. The authors used close-fitting dedicated bladder pumps with the
pump's intake placed in the middle of the well's short-screened (5 feet or 1.5 meters) interval. They
believed that the use of close-fitting dedicated pumps minimized the purge volume required to achieve
parameter stabilization.

Barcelona and Helfrich (1986) considered that water quality stability was reached when pH, Eh,
temperature and conductivity were within ± 10 percent over a minimum of 4-5 liters purged at a
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purging rate of 0.5 to 1 L/min. No rationale was provided for this criteria. Sample rates were 100 to
500 ml/min. Barcelona et al., (1988) considered stability reached when pH, Eh, temperature and
specific conductance stabilized to within ± 10 percent over two successive well volumes pumped. The
authors recommended that monitoring indicator parameters for stability be done in conjunction with
calculating the purge volume required for the hydraulic performance of the well and considering
hydrogeologic conditions.

EPA (1992) recommends that, for most wells, purging should continue until turbidity, Eh and dissolved
oxygen have stabilized within approximately 10 percent over at least two successive measurements
taken three minutes apart. The EPA recommends using a flow-through cell or downhole measurements.
The EPA based these recommendations on the following literature: Puls and Powell (1992), Puls and
Eychaner (1990), Puls et al., (1990), Puls and Barcelona (1989) and, Barcelona et al., (1988).

The following literature recommends using monitoring of indicator parameters until stability is
reached, based on the hydraulic performance of the well, geochemical and hydrogeologic data from the
well and the geologic material in which the well is screened: Barcelona et al., (1988), Miller (1993),
Bangsund et al., (1994), Nielsen (1990), Robin and Gillham (1987), Maltby and Unwin (1992), Panko
and Barth (1988), Puls (1994), Palmer et al., (1987), Unwin and Maltby (1988), Barcelona and
Helfrich (1986), Ross et al., (1992), Gibbs and Imbrigiotta (1990) and Barcelona et al., (1994).

Advantages of low-flow purging and monitoring indicator parameters technique

n This technique greatly reduces the likelihood of mobilizing colloids that are not mobile
under natural flow conditions. Sample turbidity may be low enough so that filtering is not
required.

n Research has shown that for many wells, purge volumes are usually two casing volumes or
less; much less than the four well volumes WDNR has historically required.

n Valuable geochemical and water quality data are collected in the process of monitoring the
indicator parameters.

n The criteria to determine when the well is sufficiently purged is well-specific, and
relatively easy to collect and evaluate under field conditions.

n Many researchers believe this is the most valid method for determining when a well is
adequately purged and that fresh aquifer formation water is being sampled.

n The type and number of parameters monitored and criteria used for determining when
stability is reached can be based on analytical data, well-specific hydraulic behavior and
other hydrogeologic data.

n This technique does not over-develop the well or damage the filter pack which may occur
when a well is purged with a bailer or pumped at high flow rates.

n This technique minimizes agitation and turbidity in the well; especially if a dedicated
system is used. It reduces the possibility of VOC volatilization, degassing and redox
reactions during purging and sampling.

Limitations of low-flow purging and monitoring indicator parameters technique

n This technique does not work well, if at all, in wells that purge dry because these wells
typically purge dry before all indicator parameters stabilize.
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n It may take an hour or more before all indicator parameters stabilize. This is more typical
of portable rather than dedicated pumping systems.

n As with other purging techniques, there is no guarantee that stabilized indicator
parameters signify that all stagnant water has been removed.

n If the well is screened across numerous geologic materials, the indicator parameters may
take an excessively long time to stabilize.

n Transport, set-up and decontamination of a portable pumping system and indicator
parameter equipment can be time-consuming and burdensome.

n Equipment costs are relatively high compared to bailers.
n It may be complicated, impractical and excessively expensive for small sites/facilities that

collect few samples, or non-sensitive samples, or do simple compliance monitoring (e.g.,
small wastewater treatment facilities, small closed landfills).

n Some skill is required in determining which indicator parameter and stability values
represent when a well has been adequately purged of stagnant water.

Purging Based on Well Hydraulics and Aquifer Transmissivity

This purging technique, also known as the time-drawdown method, uses theoretical and actual time-
drawdown data (from aquifer pumping tests) to calculate when the stagnant water in the casing of the
well has been removed. This method assumes that water is entering the well only when drawdown is
occurring. The pumping test data are used to calculate a theoretical draw-down curve that can be used
to predict the time at which the effects of stagnant water becomes negligible in respect to groundwater
sample quality (Maltby and Unwin, 1992). This drawdown curve serves as a guideline, along with
monitoring of indicator parameters, for selecting the appropriate purging rate and casing volumes to be
removed before sample collection.

When the National Council of the Paper Industry for Air and Stream Improvement (NCASI) tried to
use this method on six monitoring wells at different locations in Illinois, it encountered several
difficulties (Maltby and Unwin, 1992). These included 1) the inability to reproduce theoretical
drawdown curves under field conditions, and 2) the that stability of indicator parameters directly
contradicted pump test data stability information.

Barcelona et al., (1985a) and Barber and Davis (1987) provide a detailed description and examples on
how this method can be used to calculate purging of monitoring wells.

Advantages of purging based on well behavior:

n It takes into account the well's specific hydraulic flow characteristics and the
characteristics of the geologic materials in which the well is screened.

n Provides data on well hydraulics and aquifer transmissivity.
n If used with monitoring of indicator parameters for stability, it should be adequate under

most settings for properly purging the well of stagnant water before sampling.

Limitations of purging based on well behavior:

n It requires pumping test data and/or aquifer transmissivity and well efficiency data.
n Pumping test data and theoretical time-drawdown curves may not match actual field

conditions.
n It is a time-consuming, relatively complicated process and is not commonly used.
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n It only accounts for stagnant water contributed by drawdown in the well casing.
n There is no guarantee that sufficient stagnant water has been removed before sampling if

not done in conjunction with monitoring of indicator parameters.

While this method may provide valuable information on the hydraulic performance of a well and
aquifer transmissivity, it is probably too time-consuming and impractical for purging monitoring wells
regularly. It may be prudent to use this method on a well at least once; then annually thereafter to test a
well's hydraulic performance over time and determine whether well rehabilitation is necessary.

Other Available Literature on Well Purging and Sampling

Many articles and publications have been written on well purging and sampling techniques and
experiments. Some that may prove useful include the following:

Maltby and Unwin (1988): A field investigation of commonly-used monitoring well purging techniques
and pumps (peristaltic and helical rotor) conducted under different conditions including changing the
location of a pump's inlet in a well and the use of packers to isolate stagnant water from the pump inlet.

Svavarsson et al., (1995): Unpublished WDNR study compares low-flow pumping with a helical-rotor
pump and bailing in their abilities to collect representative and similar VOC data. Study results indicated
little or no difference in VOC analytical results collected from the same well with Keck® low-flow pump
and a Teflon® bailer.

Ostergren and Connelly (1994): Unpublished WDNR study compared levels of metals detected in
samples collected with a bailer, then filtered, and samples collected using low-flow pumping and not
filtered. Results did not show a significant difference in the levels of metals detected using both methods.

Ross et al., (1992): Evaluates a purging method that significantly reduces the volume of water needed to
be purged for a 5-inch diameter, deep well.

Barcelona et al., (1994): Evaluates the use of easily-measured indicator parameters during well purging
as consistent criteria for determining stabilization of VOCs before sampling.

Puls (1994): Provides a general discussion and summary of the advantages of low-flow pumping for
collecting representative groundwater samples.

Gibs and Imbrigiotta (1990): Compares three purging techniques' abilities to collect representative
VOC samples by 1) monitoring indicator parameters until stability is reached, 2) arbitrarily removing
three well volumes and 3) purging to achieve hydraulic equilibrium between the well and the aquifer.

Pionke and Urban (1987): Looks at the time required for different purging indicator parameters to
stabilize for wells constructed in sandstone, siltstone and shale aquifers.

Palmer et al., (1987): Looks at the potential for contaminants to be retarded by a filter pack and the need
to let a newly-constructed well equilibrate with the aquifer before sampling.

Puls and Eychaner (1990): Looks at purging rate, filtration and oxidation effects on samples collected
for inorganic parameters.
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Robin and Gillham (1987): Non-reactive tracers are used to test the effectiveness of various purging
techniques.

Puls and Powell (1992): Looks at low-flow pumping procedures to collect representative samples for
metals.

Kearl et al., (1992): A colloidal borescope is used to assess the effects of pump inlet placement (bladder
and peristaltic), purging, sampling and filtering on sample turbidity.

Pohlman et al., (1990): Evaluates analytical results for samples collected from wells that had little or no
purging done before collecting the samples.

Herzog et al., (1991): Evaluates the advantages and disadvantages of different purging techniques and
their abilities to collect representative samples.

Herzog et al., (1988): Evaluates purging slowly-recovering monitoring wells and optimal times to
collect a VOC sample after purging these wells.

USEPA (1995): Provides a good summary of talks and discussions related to purging and sampling
techniques, groundwater monitoring goals and objectives, colloidal transport, filtration, sample handling
and documentation.

Macfarlane et al., (1992): Compares analytical results for tar and PAH samples collected from a
manufactured gas plant by slow-flow purging and sampling, and traditional pumping and bailing
methods.

Meyer, jr., K.A. (1990): Study concludes that dedicated systems are cost-effective, technically superior,
and improve data quality and data assurance for groundwater samples.

Barker and Dickout (1988): Compares sample results for VOCs charged with methane and CO2 using a
bladder pump, momentum-lift pump and peristaltic pump.

Gass (1991): Evaluates the ability of the Grundfos Rediflo2® pump to collect "representative" VOCs
and inorganic samples under laboratory and field conditions.

Parker (1994): A critical review of several groundwater purging and sampling techniques and devices.

Barcelona et al., (1984): Laboratory study to identify reliable sampling devices for VOCs and gas-
sensitive parameters. Compared 14 devices including positive displacement and suction-lift devices and
grab samples. Evaluations included availability, portability, simplicity, purging and sampling rates, depth
limitations, etc.

Stolzenburg and Nichols (1985): Laboratory study on chemical changes such as CO2, pH, oxidation,
VOC loss, precipitation reactions and adsorption during purging and sampling, and filtration practices.

Snow et al., (1992): Evaluates a Redi-Flo 2®, ISCO® bladder pump and Teflon® bladder pump to collect
pesticide and nitrate samples.
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Imbrigiotta et al., (1988): A good study comparing a bladder, gear, helical-rotor and peristaltic pump, a
point-source and open bailer, and syringe sampler in their abilities to collect VOC samples and their
effects on VOC analytical results.

American Society for Testing and Materials (1994): "Standard Guide for Sampling Groundwater
Monitoring Wells," D4448-85a (reapproved 1992).

Barcelona (1988): Principles of Environmental Sampling. Provides a good discussion and overview of
the entire sampling process.

Van Ee and Mcmillion (1988): Ground-Water Contamination: Field Methods. Good discussion of
groundwater sampling procedures and techniques.

Hergoz et al., (1991): Practical Handbook of Ground-Water Monitoring. Covers all aspects of
groundwater sampling including factors affecting groundwater sampling, filtration and preservation.
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APPENDIX B: REFERENCE MATERIALS

l Substance Potential to Volatilize from a Water Sample

l Equivalency and Conversion Tables

l Bibliography of Selected Groundwater Sampling and Monitoring Topics
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Substance Potential to Volatilize from a Water Sample

Henry's Law Potential for
Constant Volatilizing

Substance CAS Number (atm-m3/mole) from Water

Acenaphthylene 208-96-8 1.1 x 10-5 Low
Acetone 67-64-1 3.9 x 10-5 Low
Aldicarb 116-06-3 1.4 x 10-9 Low
Ammonia 7664-41-7 3.2 x 10-4 Moderate
Anthracene 120-12-7 6.5 x 10-5 Low
Atrazine 1912-24-9 2.6 x 10-13 Low
Benzene 71-43-2 5.6 x 10-3 High
Benzo(a)pyrene 50-32-8 1.1 x 10-4 Moderate
Benzo(b)fluoranthene 205-99-2 1.1 x 10-4 Moderate
Bromodichloromethane 75-27-4 1.6 x 10-3 High
Bromoform 75-25-2 5.5 x 10-4 Moderate
Bromomethane 74-83-9 6.2 x 10-3 High
Carbaryl 63-25-2 4.4 x 10-9 Low
Carbofuran 1563-66-2 9.2 x 10-5 Low
Carbon tetrachloride 56-23-5 3.0 x 10-2 High
Carbon disulfide 75-15-0 3.0 x 10-2 High
Chlordane 57-74-9 4.9 x 10-5 Low
Chloroethane 75-00-3 6.2 x 10-4 Moderate
Chloroform 67-66-3 2.7 x 10-3 High
Chloromethane 74-87-3 8.8 x 10-3 High
Chrysene 218-01-9 9.5 x 10-5 Low
1,2-Dibromoethane (EDB) 106-93-4 6.7 x 10-4 Moderate
Dibromochloromethane 124-48-1 8.7 x 10-4 Moderate
1,2-Dibromo-3-chloropropane 96-12-8 1.5 x 10-4 Moderate
Dibutyl phthalate 84-74-2 1.8 x 10-6 Low
Dicamba 1918-00-9  7.9 x 10-9 Low
1,2-Dichlorobenzene 95-50-1 1.9 x 10-3 High
1,3-Dichlorobenzene 541-73-1 3.3 x 10-3 High
1,4-Dichlorobenzene 106-46-7 2.4 x 10-3 High
Dichlorodifluoromethane 75-71-8 3.4 x 10-1 High
1,1-Dichloroethane 75-34-3 5.6 x 10-3 High
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Henry's Law Potential for
Constant Volatilizing

Substance CAS Number (atm-m3/mole) from Water

1,2-Dichloroethane 107-06-2 9.8 x 10-4 Moderate
1,2-Dichloroethylene (cis) 156-59-2 4.1 x 10-3 High
1,2-Dichloroethylene (trans) 156-60-5 9.4 x 10-3 High
1,1-Dichloroethylene 75-35-4 2.6 x 10-2 High
2,4-Dichlorophenoxyacetic acid 94-75-7 1.0 x 10-8 Low
1,2-Dichloropropane 78-87-5 2.8 x 10-3 High
1,3-Dichloropropene (cis/trans) 542-75-6 1.8 x 10-2 High
Di (2-ethylhexyl) phthalate 117-81-7 3.6 x 10-7 Low
Dimethoate 60-51-5 6.2 x 10-11 Low
2,4-Dinitrotoluene 121-14-2 1.3 x 10-7 Low
2,6-Dinitrotoluene 606-20-2 7.5 x 10-7 Low
Dinoseb 88-85-7 4.6 x 10-7 Low
Dioxins 1746-01-6 5.6 x 10-3 High
Endrin 72-20-8 7.5 x 10-6 Low
Ethylbenzene 100-41-4 8.4 x 10-3 High
Fluoranthene 206-44-0 6.5 x 10-6 Low
Fluorene 86-73-7 1.0 x 10-4 Moderate
Fluoride 16984-48-8 6.0 x 10-8 Low
Fluorotrichloromethane (freon 11) 75-69-4 9.7 x 10-2 High
Formaldehyde 50-00-0 1.7 x 10-7 Low
Heptachlor 76-44-8 1.1 x 10-3 High
Heptachlor epoxide 1024-57-3 3.2 x 10-5 Low
Hexachlorobenzene 118-74-1 1.3 x 10-3 High
Lindane 58-89-9 1.4 x 10-5 Low
Mercury 7439-97-6 1.1 x 10-2 High
Methanol 67-56-1 4.5 x 10-6 Low
Methoxychlor 72-43-5 1.6 x 10-5 Low
Methyl isobutyl ketone 108-10-1 1.4 x 10-4 Moderate
Methyl ethyl ketone (MEK) 78-93-3 2.7 x 10-5 Low
Methylene chloride 75-09-2 2.0 x 10-3 High
Monochlorobenzene 108-90-7 3.8 x 10-3 High
n-Hexane 110-54-3 1.4 x 10-2 High
Naphthalene 91-20-3 4.8 x 10-4 Moderate
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Henry's Law Potential for
Constant Volatilizing

Substance CAS Number (atm-m3/mole) from Water

Pentachlorophenol 87-86-5 2.4 x 10-6 Low
Phenol 108-95-2 3.3 x 10-7 Low
Polychlorinated biphenyls 1336-36-3 1.1 x 10-3 High
Pyrene 129-00-0 1.1 x 10-5 Low
Pyridine 110-86-1 8.9 x 10-6 Low
Simazine 122-34-9 2.7 x 10-9 Low
Styrene 100-42-5 2.8 x 10-3 High
1,1,1,2-Tetrachloroethane 630-20-6 2.4 x 10-3 High
1,1,2,2-Tetrachloroethane 79-34-5 4.6 x 10-4 Moderate
Tetrachloroethylene 127-18-4 1.8 x 10-2 High
Toluene 108-88-3 6.6 x 10-3 High
Toxaphene 8001-35-2 6.6 x 10-6 Low
1,2,4-Trichlorobenzene 120-82-1 1.4 x 10-3 High
1,1,1-Trichloroethane 71-55-6 1.7 x 10-2 High
1,1,2-Trichloroethane 79-00-5 9.1 x 10-4 Moderate
1,2,3-Trichloropropane 96-18-4 3.4 x 10-4 Moderate
Trichloroethylene 79-01-6 1.0 x 10-2 High
2,4,5-Trichlorophenoxy- 93-72-1 8.7 x 10-9 Low
  propionic acid (2,4,5-TP)
Trifluralin 1582-09-8 2.6 x 10-5 Low
1,2,4-Trimethylbenzene 95-63-6 5.6 x 10-3 High
Vinyl chloride 75-01-4 2.7 x 10-2 High
Xylene (mixed o-, m-, and p-) 1330-20-7 7.0 x 10-3 High

CAS Number: Chemical Abstract Service (CAS) registry numbers are unique numbers assigned to a
chemical substance and are widely used in scientific publications.

Note: Most metals (exception - mercury) and inorganics are not suseptable to volatilizing from a
groundwater sample under normal sampling conditions and temperatures.

(Sources: USEPA Superfund Chemical Data Matrix [SCDM] March 1993 data tables.  U.S. Environmental Protection Agency (EPA).
1990. Basics of Pump-and-Treat Ground-Water Remediation Technology. U.S. Environmental Protection Agency, Washington, D.C.
EPA/600/8-90/003.)

henryalb.tb2
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Equivalency and Conversion Tables

Volume Equivalents

unit cc in3 liters Quarts Gals ft3

cc 1 .06102 .001 .00106 .00026 .00004

in3 16.387 1 .01639 .01732 .00433 .00058

Pints 473.18 28.875 .47318 .5 .125 .01671

liters 1000 61.023 1 1.0567 .26417 .03531

Quarts 946.36 57.75 .94636 1 .25 .03342

Gallons 3785.4 231 3.7854 4 1 .13368

ft3 28317.0 1728 28.317 29.922 7.4805 1

meter3 100000 61023.4 1000 908.08 227.02 35.314

Equivalent Pumping Rate Table

Milliliters per Minute (ml/min) Liters per Minute  (L/min) Gallons per Minute (gpm)

100 0.1 0.026

200 0.2 0.05

300 0.3 0.08

400 0.4 0.11

500 0.5 0.13

600 0.6 0.16

700 0.7 0.18

800 0.8 0.21

900 0.9 0.24

1000 1 0.26

2000 2 0.53

3000 3 0.79

4000 4 1.06

5000 5 1.32
Conversion formulas for rates not included in this table:
Liters per minute X 0.26417 = gallons per minute
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Gallons per minute X 3.7854 = liters per minute

Length

 To Convert From      To    Multiply By

inches centimeters 2.540

inches feet 0.0833

feet meters 0.3048

feet miles 0.0001894

meters miles 6.214 x 10-4

meters yards 1.094

1 meter = 10 decimeters = 100 centimeters = 1000 millimeters

Volume

 To Convert From      To    Multiply By

cubic centimeters cubic inches 0.06102

cubic inches cubic feet 0.00058

cubic inches liters 0.01639

cubic inches gallons 0.00433

liters gallons 0.14546

gallons cubic feet 0.13368
1 liter = 1 cubic decimeter = 10 deciliters = 100 centiliters = 1000 milliliters = 1000 cubic
centimeters

Cubic foot Gallon
7.48 gallons 231 cubic inches
28317 milliliters 3785 milliliters
28.317 liters 3.785 liters
62.428 lbs 8.345 lbs

Liter Cubic meter
0.2642 gallons 1000 liters
61 cubic inches 264.2 gallons
2.205 lbs 22.045 lbs
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INDEX

A

Acrylonitrile butadiene styrene (ABS), 36
Adsorption (see Sorption)
Air-displacement pump (or gas- displacement),
33, 54
Air-lift pump (or gas-lift), 54, 62, 81
Air-line (also bubble tube), 22, 26, 28
Alkalinity, 65, 74, 75, 78, 79, 84, 117
Ammonia, 70
Ammonium, 65, 75
Anions, 6, 74, 83
Apparent color (see Color)
Arsenic, 65, 75, 85
Artificially mobilized (colloids/particulates), 40, 85, 86
ASTM (Method), 3, 98, 99, 121, 126
At-risk monitoring, 102-104

B

Bacteria, 64, 81, 107, 109, 115
Bailers

purging/sampling, 29, 34, 37-40, 69, 70, 91, 127
bottom emptying device, 34, 40, 69

Batch chlorination, 115
Biodegradation, 71, 72, 75, 79, 82, 93, 118
Biofilm, 64
Bladder pump, 51-53
Blank (WUWN) labels, 108
Blank samples (see Field blank)
Bubble tube (see Air-line)
Bubbling pressure, 121

C

Cadmium, 65, 75
Calomel electrode, 83
Calcite saturation indices, 117
Calibration of equipment, 26, 77-79, 94, 106
Carbonate (also bicarbonate), 74, 75, 79, 84
Carbon dioxide, 36, 43, 75, 79, 84

Carbon steel, 36, 37, 98
Cellulose (acetate or nitrate), 87
Centrifugal submersible pump, 33, 47, 49
Chain of custody (COC), 19, 100-101
Chemical oxygen demand (COD), 83
Checklist(s), 16, 18, 104, 106
Chlorine, 107, 110, 115
Chlorine residual, 115
Chromium, 70, 71, 75
Coliform bacteria (see Bacteria)
Color, 80, 84
Colorimetric method, 75, 81
Conductivity (see Specific conductance)
Cone penetrometer (also CPT), 3, 5
CLP (Contract Laboratory Program), 11, 13
Coprecipitation (also co-precipitation), 2, 65, 74, 93
Cross-contamination, 20, 36, 74, 93, 94, 97
Cyanide, 65, 70, 75

D

Data quality (also Data Quality Objectives DQOs), 7-14, 35, 66-70, 89, 91, 94, 97
Decontamination, 33, 74, 91, 94-99
Dedicated equipment/systems, 35-38, 47, 49, 51, 53, 62, 66, 91, 94-96, 99, 128-132
Deionized or distilled water, 95, 98
Dense non-aqueous phase liquid (DNAPL), 5, 28, 29
Desorbing agent, 98
Discrete-depth samplers, 2-5, 37, 40, 41
Disinfection (pre/post), 107, 109, 110, 115
Disposable equipment, 35, 67, 71, 87, 91, 94
Dissolved iron, 65, 75, 80
Dissolved metal(s), 9, 43, 65, 71, 74, 85, 87, 89, 93, 96, 97, 118
Dissolved oxygen, 65, 67, 75, 81-83, 128
Documentation, 18, 19, 99-102, 109
Domestic wells (see private water supply)
Drawdown, 26, 66, 69, 82, 128, 130
Drive point wells, 110
Duplicate samples, 96

E

Eductor pump (or jet/venturi), 45, 47
Eh (also Redox potential), 43, 65, 67, 75, 82, 83, 91, 128, 129
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Eh-pH diagram, 83
Electric water level indicator, 22, 23
Electrodes,
Equipment blanks (see Field blank)
Equipment

checklist
monitoring well sampling, 18
water supply well sampling, 106

decontamination, 94-99
Extraneous contamination, 9, 49, 70-74, 94, 95, 99, 118

F

Field duplicate, 96
Field blank (alsofield rinsate, decontamination
and equipment blank), 35, 47, 53, 94,
95
Field split samples, 96
Filling sample containers, 70, 117, 118
Filtration

decontamination of, 91
direct, in-line, 40, 44, 49, 51, 53, 56, 58, 60, 89
equipment, 87
membrane (or paper), 87, 89, 91
objectives of, 84-87
pore size, 87, 89
techniques, 87-91
transfer bottle/vessel, 44, 91, 96, 97

Float method (water level), 22, 23
Flow-through cell (also closed flow-through cell), 66, 67, 70, 75, 76, 78-83, 129
Free drainage sampler, 124
Free product (see Immiscible layer, DNAPL

or LNAPL)

G

Galvanized steel, 36, 37
Gas-displacement pump (or air- displacement),
33, 54
Gas-drive piston pump, 33, 56
Gas-lift pump (or air-lift), 34, 62
Gasoline Range Organics (GRO), 95
Gas-sensitive, 43, 44, 47, 49, 51, 54, 60, 62
Gear-drive pump, 33, 58
Geochemical (also geochemistry), 81, 91
Geologic logs, 106, 111, 115
Glass microfiber (pre-filter), 87

Grab samplers, 34, 37, 43, 69
Groundwater Monitoring Inventory form, 108,
109

H

Health and safety, ii, 15, 18, 98
Henry's Law Constant, 71
Hydraulic head, 19, 20, 79, 111
Hydrophobic, 67, 121

I

Immiscible layer (also DNAPL & LNAPL), 23, 28, 29
Indicator

parameters, 14, 65-69, 74-76, 84
substance (water levels), 22, 25, 29

Industrial wells, 115
Inert(ness), 36-38
Inertial lift pump, 34, 60-62
Inorganics, 12, 13, 65, 74, 75
In-situ measurements, 76, 78, 79, 81
Iron, 64, 74, 75, 80, 82, 83, 85, 89, 91, 109
Irrigation wells, 115

L

Leachate, 124
Lead, 65, 75, 85, 107
Light non-aqueous phase liquid (LNAPL), 28, 29
Limit of detection (LOD) or detection limit, 10, 11, 13, 17, 62, 105
Limit of quantitation (LOQ), 17, 96, 103
Low-carbon steel, 36, 37, 98
Low-flow purging/sampling, 38, 47-53, 58,
 62, 65-70, 76-79, 82, 85-91, 96, 128-132
Lysimeter, 120-124

M

Major ions, 6, 9, 43, 74, 118
Management practice monitoring, 102, 103
Manganese, 1, 65, 74, 75, 80, 85
Manual diaphragm pump, 45
Manual piston pump, 33, 56
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Meniscus, 72, 118
Mercury, 65, 70, 75
Minor ions, 43, 74, 118
Molybdenum, 65, 75
Municipal wells, 107, 111, 116

N

Natural flow conditions, 66-69, 85, 86,
89, 128

Negative pressure (filtration), 85, 87
Nitrogen, 70, 71
Nephelometric Turbidity Units (NTUs),

80, 87, 89
Newly constructed/developed wells, 64
Non-sensitive samples, 54, 60, 69, 130

O

Octanol-water partition coefficient (Kow), 67
Odor, 84
Order of filling sample containers, 67
Oxidation-reduction (also redox), 38, 54, 65, 71, 81-83, 85, 91

P

Partial pressure, 79, 85
Penetrometer (see Cone penetrometer)
Peristaltic pump, 34, 43, 44
Pesticides, 70, 72, 118

pH
measurement of, 75-79, 93
adjustment of, 80
sampling effects on, 43, 54, 56,

65, 67, 75, 128
filtration effects on, 85, 91

Phosphate, 65, 75, 98
Phosphorous (total), 70
Piezometer, 19-23
Piston pump, 33, 56
Pitcher pump, 45
Platinum electrode, 83
Polyethylene, 36, 37, 41, 60
Polypropylene, 36-38
Polyvinyl chloride (PVC), 36-38, 41, 60, 100
Popper, 22-25
Pore size (filtration), 87, 89, 91
Positive displacement pumps, 33, 43, 47, 49, 51, 54, 56, 58
Positive pressure (filtration), 85, 87, 89, 91
Potentiometric, 3, 19, 20
Precipitate (chemical precipitate), 75, 80,

82, 117
Preprinted (WUWN) labels, 108
Preservation (samples), 71, 93, 105, 117, 119
Pressure tank, 116
Printronix (WUWN) labels, 108
Private water supply, 102-107, 115, 116
Progressive cavity (or helical-rotor) pump, 33, 49-51
PTFE (polytetrafluoroethylene or Teflon®),

36, 38, 44, 47, 49, 58, 60, 87, 112
Public water supply, 102-104, 115, 116
Pumps

bladder, 33, 51-54
centrifugal submersible, 33, 43, 47-49
gas-displacement (or air-displacement), 33, 54, 55
gas-lift (or air-lift), 34, 62, 63
gear-drive, 33, 58, 59
inertial lift, 34, 60-62
peristaltic, 34, 43, 44
piston (manual and gas-drive), 33, 56, 57
progressive cavity (helical-rotor), 33,

49-51
suction-lift, 34, 43-47

Purging
objectives, 62-65
procedures, 66-70

Q

Quality assurance/quality control (QA/QC),
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10-17, 94-99, 119
Quality control samples

field duplicate, 96
field blank, 95
field split sample, 96
sequential sample, 97
trip blank, 95

R

Raw untreated groundwater, 102, 104, 116
Reagent grade water, 89, 93, 95, 98, 99
Redox (see oxidation-reduction)
Reference elevation, 20, 25
Regulatory objective, 8, 14, 66, 97, 102
Replicate, 96
Representative sample, 62, 64-66, 70, 84
Reusable equipment, 87, 91
Rigor(ous), 9, 11, 13, 71, 74, 97, 98, 102

S

Sample, Sampling
collection, 70-75
containers, 70, 71
filtration (see Filtration)
forms

WSFS - monitoring wells, 18
WSFS - water supply wells, 108

handling, 93, 94
identification, 100
integrity, 65
labeling, 93, 100
preservation, 93
seals, 101
security, 100, 101
storage, 93, 100, 101
tracking (see also COC), 100, 101

transport, 93, 100, 101
tubing, 37

Sampling and analysis plan (SAP), 14-19, 94
Selenium, 65, 75
Semi-volatile compounds, 72, 118
Sequential sample(s), 97
Silicone, 36, 37, 44, 45
Silver electrode, 83

Slowly-recovering wells, 69, 70, 128
Sorption (also adsorption, adsorb, sorb),

36-38, 44, 45, 54, 65, 74, 79, 82, 85, 86, 93, 97, 98
Specific conductance (also conductivity),

67, 77
Split samples, 96
Stable reading(s), 67
Stagnant water, 65-69, 115
Stainless steel, 36-38, 41, 43, 47, 49, 53, 58
Standard Methods, 76, 77, 80-84, 117
Stratigraphic, 2, 3, 6
Suction-lift pump, 34, 43-47
Suction lysimeter, 121-124
Sulfate, 1, 70, 71, 74, 75, 82
Sulfide, 36, 65, 75, 84
Surface centrifugal pump, 34, 43, 45
Syringe sampler, 34, 37, 40, 41

T

Teflon® (see PTFE)
Temperature (measurement of), 76, 77
Top of casing, 20, 106
Total coliform bacteria (see Bacteria)
Total dissolved solids, 1, 74, 77 117
Total organic carbon (TOC), 65, 70
Trace metals, 6, 38, 51, 69, 70, 81, 96, 124
Transducer, 3, 22, 26-28
Trip blank, 95
True color (see Color)
Turbidity, 67-70
Tygon®, 37, 44, 45

U

Ultrasonics, 22, 28
Unsaturated zone (see Vadose zone)

V

Vadose zone, 120, 126
Valence, 77-83
Vanadium, 65, 75
Viton®, 36, 37, 47
VOA trap sampler, 43
Volatile organic compounds (VOCs)

collection of, 70-72, 118
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equipment effects on, 33, 34, 38-44, 47- 51, 54-56, 60
sampling effects on, 33, 34, 65, 69, 79

W

Water level measurements, 19-28, 111
Water quality measurements, 75-84
Water supply well labeling, 107, 108
Water table well, 19, 20, 23, 29, 82
Wax-impregnated graphite (WIG) electrode,

83
Well constructor's report, 106, 109, 115
Well logs, 106, 111
Well maintenance/rehabilitation, 64, 65
Well-specific field sheet (WSFS), 18, 108
Well volume(s), 65-69, 87, 89, 127
Westbay® sampler, 43
Winkler (titration) method, 81
Wisconsin Unique Well Number (WUWN), 100, 105, 107-109

Z

Zinc, 65, 75, 85


